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HARRIS SEMICONDUCTOR — IC’s 
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Harris 


INTEGRATED CIRCUITS 
DATA BOOK 


This DATA BOOK contains complete technical information on linear and memory integrated circuits 
presently available from Harris Semiconductor as standard products. A similar catalog dedicated to digital 
products specifies the complete line of Harris CMOS logic devices. By the use of the tear-out card provided 
in the back of this catalog, speciality information such as application notes, chip data sheets, and information 
about all new products introduced since publication of this catalog, are available directly through your local 
Harris sales office. They are also available from your nearest Harris representative or distributor. 


For your convenience a complete index of Harris integrated circuits is provided in both an alpha-numeric 
sequence organized by major product catagories such as linear and memory, and by a functional sequence. 
Although the alpha-numeric index tracks very closely with the organization of the data book, some excep- 
tions do occur due to products combined on single data sheets. Warranting special attention for users of 
military product is the section on Harris Semiconductor’s Dash 8 program. This section gives a complete 
description of processing used for 883 product available “‘off-the-shelf’’ from Harris. Complete physical 
dimensions of all packaging options are detailed in the section on package outlines. For ease of use, each 
major product section of this data book includes a complete industry cross reference index identifying 
industry cross reference numbers. 


Harris is pleased that you would take this time to review our product line. We stand ready to support your 
production with world wide points of distribution. For your design convenience we offer a complete capa- 
bility in applications assistance. Just call your local Harris office. 


Thank you for thinking Harris. 
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HARRIS SEMICONDUCTOR 


HISTORY 


A look at Harris Semiconductor is a look at one of the Semicon- 
ductor success stories of the past two decades. Originally a three 
man laboratory organized to develop proprietary and custom cir- 
cuits, this small nucleus increased in size until by 1966 it was known 
throughout the industry as the Microelectronics Division (MED) of 
Radiation, Inc., a military systems house located in Melbourne, Florida. 
As MED, the division fostered high technology and was an industry 
leader in the manufacturing of hardened devices. 


In many respects, the Division, as it is known today, was born in 
July 1967. It was then that the entire 320 acre Melbourne complex 
became part of Harris-Intertype Corporation. With a new corpor- 
ate identity the semiconductor operation dedicated its proficiency 
in high technology to the development of a series of state-of-the-art 
devices aimed specifically at the industrial marketplace. 


In September of 1970, the firm chose its present name of Harris 
Semiconductor, became an independent division reporting directly 
to corporate headquarters in Cleveland, Ohio, and was well intrenched 
as a leading supplier of sophisticated industrial !Cs as well as of ICs used 
On major military and NASA programs. 


The past few years has been a major growth in Harris Semiconduc- 
tor’s participation within the industrial IC marketplace. While con- 
tinuing as a major supplier of military and DOD products, efforts 
to penetrate the industrial marketplace has grown to where industrial 
customers now constitute approximately 80 percent of the Division's 
total effort. 


To support its present position within the industrial marketplace, 
Harris Semiconductor has developed highly refined national and inter- 
national lines of distribution. Included is a network of OEM sales 
offices, technically proficient manufacturers’ representatives, and a 
family of distributors consisting of leaders within the electronic in- 
dustry. 


The Division now provides multiple product and service outlets within 
each significant market location and has opened direct sales offices in 
both Brussels, Belgium and Tokyo, Japan. Each outlet, through the 
combined efforts of OEM, manufacturer’s representatives, and dis- 
tributors, offers a complete line of complimenting product, literature 
and applications support. 


FOR THE FUTURE 


Harris Semiconductor now occupies over 225,000 square feet of 
floor space in five modern buildings located on the corporations’s 
320 acre site in Palm Bay, Florida. These facilities are equipped to 
perform the entire scope of Harris Semiconductor's operations but are 
augmented by offshore assembly facilities. Each operational site is 
designed for expansion. A recently completed 8 million dollar expan- 
sion and referbishment program resulted in three-inch waffer processing 


across all product lines assuring customers with optimum in both 
pricing and delivery. Every effort is being made to guarantee that your 


association with Harris Semiconductor represents the finest in quality, 


reliability, delivery and price considerations. 


TECHNOLOGY 


Harris Semiconductor's significant contributions in process tech- 
nology serve both the industrial and the military markets. in addition 
to pioneering the dielectric isolation process, Harris wields expertise in 
thin-film deposited on silicon dioxide, selective gold doping, buried nt 
and p* epitaxial layers, junction FETs, vertical npn and pnp transistors 
in the same monolithic structure, metallic aluminum bonding, mul- 
tilevel interconnect processes, complementary MOS, junction isolated 
complementary MOS and p-channel MOS processes. 


PRODUCTS 


Harris produces a wide family line of devices embracing linear, digital 
and memory functions. Within the family of operational amplifiers, 
Harris has long offered state-of-the-art parameters without peer in 
monolithic circuitry. Now, this rapidly expanding linear line includes: 
phase locked loops, A/D and D/A encoders, and a rapidly expanding 
line of interface circuits. Harris is the largest single industry source of 
CMOS analog switches and multiplexers with a complete complement of 
alternate sources in addition to a strongly established proprietary line. 


For the Digital world Harris Semiconductor is a leading supplier of 
standard logic CMOS. Nearly 100 devices are included to offer designers 
as comprehensive a CMOS logic selection as is available from industry. 
In addition to full alternate sourcing of the 54/74C family, product 
selection includes viable product from both the 4000 and 14500 
families. Harris is actively pursuing JAN qualification of the entire 
CMOS product line. In the field of memories Harris pioneered and 
developed the concept of field programmable read only memories 
(PROM). Now available as a Harris exclusive is the complete family of 
“Generic” PROMs featuring a wide selection of organizations with 
identical programming requirements, input/output characteristics, fuse 
geometries and technology, as well as circuit configuration. The com- 
pany is also aggresively pursuing development of a family of RAM 
products in both bipolar and MOS technology. 


CHIP POLICY 


Wherever practical the Harris product line is also made available in chip 
form. For further detail, contact either the Digital, Linear or Memory 
Product Marketing Managers respectively. 


DASH 8 NOTICE 


As a special serivce to users of high rel products Harris makes instantly 
available high reliability on many of our product lines. Simply by 
adding its postscript -8 to appropriate Harris part numbers “off the 
shelf” delivery can be obtained of product screened to MIL-STD-883 
Method 5004 Class B. For details concerning this special Harris program 
for High Rel users, see the Dash 8 section of this catalog. 


EXPLANATION OF HARRIS PRODUCT CODE 


H M 1 - 7620 - 5 

PREFIX: —_____| 

H (Harris) ae 
FAMILY: 

A — Analog PACKAGE: 

os 7 Sa Form 1— Dual In-Line 

gital 2— TO-5 Type 

1 — Interface Te vin; Dee 

M — Memory (1) 9— Flat Pack 

Note 1: O— Chip Form 

EXCEPT — 


HPROM X~-1024-X 
HPROM X-8256-X 
HPROM X-0152-X 


L TEMPERATURE: 2) 


2 
4 
5 
6 
8 


Harris products are designated by ‘’Product 
Code”. When ordering, please refer to products 
by the full code. Harris products will always 
begin with “H”, except in the case of chip pro-. 
ducts. Specific device numbers will always be 


55°C to 125°C isolated by hyphens. 


-25°C to 85°C 

0°C to 75°C 

100% 25°C Probe (Dice Only) 

Dash 8 Program MIL-STD-883 Class B 
HA-2700-8 (Example Only) 

-~40°C to 85°C (4000 Series CMOS) 


Note 2: 


The 54C/74C CMOS Family temperature 
designation is contained in the Part Number: 
54CXX -55°C to 125°C 
74CXX 0°C to 70°C 


HARRIS ALPHA-NUMERIC INDEX 


Digital 

PRODUCT 

NUMBER DESCRIPTION PAGE 
HD-54C/74C For acomplete listing of Harris CMOS Product refer to Digital Di-3 
HD-4000 Series Section of this Catalog. Di-5 

Linear 

HA-909 Low Noise, Operational Amplifiers Li-11 
HA-911 Low Noise, Operational Amplifiers Li-11 
HA-2000 F.E.T. Input Preamplifier Li-15 
HA-2000A F.E.T. Input Preamplifier Li-15 
HA-2005 F.E.T. Input Preamplifier Li-15 
HA-2005A F.E.T. Input Preamplifier Li-15 
HA-2050 High Slew Rate F.E.T. Input Operational Amplifiers Li-19 
HA-2050A High Slew Rate F.E.T. Input Operational Amplifiers Li-19 
HA-2055 High Slew Rate F.E.T. Input Operational Amplifiers Li-19 
HA-2055A High Slew Rate F.E.T. Input Operational Amplifiers Li-19 
HA-2060 Wide Band F.E.T. Input Operational Amplifiers Li-23 
HA-2060A Wide Band F.E.T. Input Operational Amplifiers Li-23 
HA-2065 Wide Band F.E.T. Input Operational Amplifiers Li-23 
HA-2065A Wide Band F.E.T. Input Operational Amplifiers Li-23 
HA-2111 Precision Voltage Comparator Li-27 
HA-2211 Precision Voltage Comparator Li-27 
HA-2311 Precision Voltage Comparator Li-31 
HA-2400 PRAM, Four Channel Operational Amplifiers Li-35 
HA-2404 PRAM, Four Channel Operational Amplifiers Li-35 
HA-2405 PRAM, Four Channel Operational Amplifiers Li-35 
HA-2420 Sample and Hold, Gated Operational Amplifiers Li-39 
HA-2425 Sample and Hold, Gated Operational Amplifiers Li-39 
HA-2500 High Slew Rate Operational Amplifiers Li-43 
HA-2502 High Slew Rate Operational Amplifiers Li-43 
HA-2505 High Slew Rate Operational Amplifiers Li-43 
HA-2510 High Slew Rate Operational Amplifiers Li-47 
HA-2512 High Slew Rate Operational Amplifiers Li-47 
HA-2515 High Slew Rate Operational Amplifiers Li-47 
HA-2520 High Slew Rate Operational Amplifiers Li-51 
HA-2522 High Slew Rate Operational Amplifiers Li-51 
HA-2525 High Slew Rate Operational Amplifiers Li-51 
HA-2530 Wide Band High Slew Inverting Amplifiers Li-55 
HA-2535 Wide Band High Slew Inverting Amplifiers Li-55 
HA-2600 High Impedance Operational Amplifiers Li-59 
HA-2602 High Impedance Operational Amplifiers Li-59 
HA-2605 High |!mpedance Operational Amplifiers Li-59 
HA-2620 Wide Band, High Impedance Operational Amplifier Li-63 
HA-2622 Wide Band, High Impedance Operational Amplifier Li-63 
HA-2625 Wide Band, High Impedance Operational Amplifier Li-63 
HA-2630 High Performance Current Booster Li-67 
HA-2635 High Performance Current Booster Li-67 
HA-2640 High Voltage Operational Amplifier Li-71 
HA-2645 High Voltage Operational Amplifier Li-71 
HA-2650 Dual High Performance Operational Amplifier Li-75 
HA-2655 Dual High Performance Operational Amplifier Li-75 


Linear 


PRODUCT 


NUMBER 


HA-2700 
HA-2704 
HA-2705 
HA-2720 
HA-2725 
HA-2730 
HA-2735 
HA-2820 
HA-2825 
HA-2900 


HA-2904 


HA-2905 
HD-0165 
HD-245 
HD-246 
HD-248 
HD-249 
HD-545 
HD-546 
HD-548 
HD-549 
HD-1488 
HD-1489 


HD-1489A 


Hi-200 
H!-201 
H!-506A 
HI-507A 
H1-508A 
HI-509A 
HI-1080 
Hi-1085 
HI-1800A 
HI-1818A 
HI-1828A 


H1-5040 — 5051 


HI-5046A 
Hi-5047A 


Memory 


HD-234 
HD-235 
HD-534 
HD-535 
HD-6600 
HD-6605 
HM-010 
HM-030 


(Continued) 


DESCRIPTION 


Low Power, High Performance Operational Amplifier 

Low Power, High Performance Operational Amplifier 

Low Power, High Performance Operational Amplifier 

Low Power, Current Programmable Operational Amplifier 

Low Power, Current Programmable Operational Amplifier 

Low Power, Dual, Current Programmable Operational Amplifier 
Low Power, Dual, Current Programmable Operational Amplifier 


Phase Locked Loop 

Phase Locked Loop 

Chopper Stabilized Operational Amplifier 
Chopper Stabilized Operational Amplifier 
Chopper Stabilized Operational Amplifier 
Key Board Encoder 

Triple Line Transmitter 

Triple Line Receiver 

Triple Party-Line Receiver 

Triple Line Receiver 

Triple Line Transmitter 

Triple Line Receiver 

Triple Party-Line Receiver 

Triple Line Receiver 

Quad Line Driver 

Quad Line Receiver 

Quad Line Receiver 

Dual SPST Analog Switch 

Quad SPST Analog Switch 

CMOS 16 Channel Analog Multiplexer 
Dual -8 CMOS Multiplexer 

8 Channel Analog Multiplexer 

8 Channel Analog Multiplexer 


~ §8-Bit, D to A Convertor High Speed Monolithic 


8-Bit, D to A Convertor High Speed Monolithic 
DPDT - Low Leakage 4-Channel Analog Switch 
8 Channel/Differential, 8-Channel Multiplexer 
Dual 4-Channel Multiplexer 

CMOS Analog Switches 

CMOS Analog Switches 

CMOS Analog Switches 


Low V Hex Interface Inverters 
HI! V Hex Interface Driver 

Low V Hex Interface Inverters 
H! V Hex Interface Driver 

Quad Power Strobe 

Quad Logic Strobe 

5 x 8 MIL-TEMP Diode Matrices 
6 x 8 MIL-TEMP Diode Matrices 


PAGE 


Li-79 
Li-79 
Li-79 
Li-83 
Li-83 
Li-89 
Li-89 
Li-95 
Li-95 
Li-99 
Li-99 
Li-99 
Li-103 
Li-107 
Li-107 
Li-107 
Li-107 
Li-107 
Li-107 
Li-107 
Li-107 
Li-111 
Li-113 
Li-115 
Li-117 
Li-123 
Li-129 
Li-129 
Li-135 
Li-135 
Li-141 
Li-141 
Li-145 
Li-149 
Li-149 
Li-153 
Li-153 
Li-153 


Me-3 
Me-3 
Me-3 
Me-3 
Me-9 
Me-9 
Me-13 
Me-13 


Memory = (Continued) 


PRODUCT 

NUMBER DESCRIPTION PAGE 
HM-040 8 x 6 MIL-TEMP Diode Matrices Me-13 
HM-050 10 x 4 MIL-TEMP Diode Matrices Me-13 
HM-074 5 x 5 MIL-TEMP Diode Matrices Me-13 
HM-080 8 x 5 MIL-TEMP Diode Matrices Me-13 
HM-090 4x 10 MIL-TEMP Diode Matrices Me-13 
HM-0104 10 x 4 Commercial Diode Matrices Me-21 
HM-0110 4 x 10 Commercial Diode Matrices Me-21 
HM-0168 6 x 8 Commercial Diode Matrices Me-21 
HM-0186 8 x 6 Commercial Diode Matrices Me-21 
HM-7202 1024 x 1 N-Channel MOS RAM Me-23 
HM-7602 256-Bit Field Programmable Bipolar PROM Me-28 
HM-7603 256-Bit Field Programmable Bipolar PROM Me-28 
HM-7610 1024-Bit Field Programmable Bipolar PROM Me-32 
HM-7611 1024-Bit Field Programmable Bipolar PROM Me-32 
HM-7620 2048-Bit Field Programmable Bipolar PROM Me-36 
HM-7621 2048-Bit Field Programmable Bipolar PROM Me-36 
HM-7640 4096-Bit Field Programmable Bipolar PROM Me-40 
HM-7641 4096-Bit Field Programmable Bipolar PROM Me-40 
HPROM-0512 512-Bit Field Programmable Bipolar PROM Me-45 
HPROM-1024 1024-Bit Field Programmable Bipolar PROM Me-51 
HPROM-1024A 1024-Bit Field Programmable Bipolar PROM Me-51 


HPROM-8256 256-Bit Field Programmable Bipolar PROM Me-55 


FUNCTIONAL CROSS REFERENCE 


Linear 
ANALOG MULTIPLEXERS AND SWITCHES PAGE 
MULTIPLEXERS 
HI-506A CMOS 16 Channel Analog Multiplexer Li-129 
HI-507A Dual - 8 CMOS Multiplexer Li-129 
H1-508A 8 Channel Analog Multiplexer Li-135 
HI-509A 8 Channel Analog Multiplexer Li-135 
HI-1818A 8 Channel/Differential, 8-Channel Multiplexer Li-149 
HI-1828A Dual 4-Channel Multiplexer Li-149 
SWITCHES 
HI-200 Dual SPST Analog Switch Li-117 
H1I-201 Quad SPST Analog Switch Li-123 
Hi-1800A DPDT-Low Leakage 4-Channel Analog Switch Li-145 
HI-5040 — 5051 CMOS Analog Switches Li-153 
HI-5046A CMOS Analog Switches Li-153 
HI-5047A CMOS Analog Switches Li-153 
OPERATIONAL AMPLIFIERS 
F.E. T. INPUT : 
HA-2000 F.E. T. Input Preamplifier Li-15 
HA-2000A F.E. T. Input Preamplifier Li-15 
HA-2005 F.E. T. Input Preamplifier ~ Li-15 
HA-2005A F.E. T. Input Preamplifier Li-15 
HA-2050 High Slew Rate F. E. T. Input Operational Amplifiers Li-19 
HA-2050A High Slew Rate F.E. T. Input Operational Amplifiers Li-19 
HA-2055 High Slew Rate F. E. T. Input Operational Amplifiers Li-19 
HA-2055A High Slew Rate F. E. T. Input Operational Amplifiers Li-19 
HA-2060 Wide Band F. E. T. Input Operational Amplifiers Li-23 
HA-2060A Wide Band F. E. T. Input Operational Amplifiers Li-23 
HA-2065 Wide Band F. E. T. Input Operational Amplifiers Li-23 
HA-2065A Wide Band F. E. T. Input Operational Amplifiers Li-23 
HIGH SLEW RATE 
HA-2500 High Slew Rate Operational Amplifiers Li-43 
HA-2502 High Slew Rate Operational Amplifiers Li-43 
HA-2505 High Slew Rate Operational Amplifiers Li-43 
HA-2510 High Slew Rate Operational Amplifiers Li~4/ 
HA-2512 High Slew Rate Operational Amplifiers Li-47 
HA-2515 High Slew Rate Operational Amplifiers Li-47 
HA-2520 High Slew Rate Operational Amplifiers Li-51 
HA-2522 High Slew Rate Operational Amplifiers Li-51 
HA-2525 High Slew Rate Operational Amplifiers Li-51 
HA-2530 Wide Band High Slew Inverting Amplifiers Li-55 
HA-2535 Wide Band High Slew Inverting Amplifiers Li-55 
LOW NOISE WIDE BAND 
HA-909 Low Noise, Operational Amplifiers Li-11 
HA-911 Low Noise, Operational Amplifiers | Li-11 
LOW POWER 
HA-2700 Low Power, High Performance Operational Amplifiers Li-79 
HA-2704 Low Power, High Performance Operational Amplifiers Li-79 
HA-2705 Low Power, High Performance Operational Amplifiers Li-79 
HA-2720 Low Power, Current Programmable Operational Amplifiers Li-83 
HA-2725 | Low Power, Current Programmable Operational Amplifiers Li-83 
HA-2730 Low Power, Dual, Current Programmable Operational Amplifiers  Li-89 
HA-2735 Low Power, Dual, Current Programmable Operational Amplifiers Li~-89 
PRECISION HIGH ZIN WIDE BAND 
HA-2600 High Impedance Operational Amplifiers Li-59 


HA-2602 High Impedance Operational Amplifiers Li-59 


HA-2605 
HA-2620 
HA-2622 
HA-2625 
HA-2650 
HA-2655 


SPECIAL FUNCTION 


HA-2400 
HA-2404 
HA-2405 
HA-2420 
HA-2425 
HA-2630 
HA-2635 
HA-2640 
HA-2645 


HA-2900 
HA-2904 
HA-2905 


PHASE LOCKED LOOP 


HA-2820 
HA-2825 


HD-0165 
HI-1080 
Hi-1085 


OPERATIONAL AMPLIFIERS 
PRECISION HIGH ZIN WIDE BAND (Continued) 


High Impedance Operational Amplifiers 

Wide Band, High Impedance Operational Amplifiers 
Wide Band, High Impedance Operational Amplitiers 
Wide Band, High Impedance Operational Amplifiers 
Dual High Performance Operational Amplifiers 
Dual High Performance Operational Amplifiers 


PRAM, Four Channel Operational Amplifiers 
PRAM, Four Channel Operational Amplifiers 
PRAM, Four Channel Operational Amplifiers 
Sample and Hold, Gated Operational Amplifiers 
Sample and Hold, Gated Operational Amplifiers 
High Performance Current Booster 

High Performance Current Booster 

High Voltage Operational Amplifiers 

High Voltage Operational Amplifiers 


ULTRA HIGH PRECISION 


Chopper Stabilized Operational Amplifiers 
Chopper Stabilized Operational Amplifiers 
Chopper Stabilized Operational Amplifiers 


Phase Locked Loop 
Phase Locked Loop 


SPECIAL INTERFACE CIRCUITS 


Key Board Encoder 
8~Bit, D to A Convertor High Speed Monolithic 
8~Bit, D to A Convertor High Speed Monolithic 


TRANSMITTERS/RECEIVERS 


HD-245 Triple Line Transmitter 

HD-246 Triple Line Receiver 

HD-248 Party-Line Receiver 

HD-249 Triple Line Receiver 

HD-545 Triple Line Transmitter 

HD-546 Triple Line Receiver 

HD-548 Party-Line Receiver 

HDO-549 Triple Line Receiver 

HD-1488 Quad Line Driver 

HD-1489 Quad Line Receiver 

HD-1489A Quad Line Receiver 
VOLTAGE COMPARATOR 

HA-2111 Precision Voltage Comparator 

HA-2211 Precision Voltage Comparator 

HA-2311 Precesion Voltage Comparator 


PAGE 


Li-59 
Li-63 
Li-63 
Li-63 
Li-75 
Li-75 


Li-35 
Li-35 
Li-35 
Li-39 
Li-39 
Li-67 
Li-67 
Li-71 
Li-71 


Li-99 
Li-99 
Li-99 


Li-95 
Li-95 


Li-103 
Li-141 
Li-141 


Li-107 
Li-107 
Li-107 
Li-107 
Li-107 
Li-107 
Li-107 
Li-107 
Li-111 
Li-113 
Li-115 


Li-27 
Li-27 
Li-31 


vil 


viii 


Memory 


BIPOLAR MEMORY 
GENERIC PROMS 


HM-7602 256-Bit Field Programmable Bipolar PROM 
HM-7603 256-Bit Field Programmable Bipolar PROM 
HM-7610 1024-Bit Filed Programmable Bipolar PROM 
HM-7611 1024-Bit Field Programmable Bipolar PROM 
HM-7620 2048-Bit Field Programmable Bipolar PROM 
HM-7621 2048-Bit Field Programmable Bipolar PROM 
HM-7640 4096-Bit Field Programmable Bipolar PROM 
HM-7641 4096-Bit Field Programmable Bipolar PROM 
HPROM 

HPROM -0512 512-Bit, Bipolar PROM 

HPROM-1024 | 1024-Bit, Field Programmable Bipolar PROM 
HPROM-1024A 1024-Bit, Field Programmable Bipolar PROM 
HPROM-8256 256-Bit Bipolar PROM 


MONOLITHIC DIODE MATRICES AND INTERFACE CIRCUITS 


HD-234 Hex Interface Inverters 

HD-534 Hex Interface Inverters 

HD-235 Hex Interface Drivers 

HD-535 Hex Interface Drivers 

HD-536 Hex Interface Drivers 

HM-010 5 x 8 MIL-TEMP Diode Matrices 
HM-030 6 x 8 MIL-TEMP Diode Matrices 
HM-040 8 x 6 MIL-TEMP Diode Matrices 
HM-050 10 x 4 MIL-TEMP Diode Matrices 
HM-074 5 x 5 MIL-TEMP Diode Matrices 
HM-080 8 x 5 MIL-TEMP Diode Matrices 
HM-090 4x 10 MIL-TEMP Diode Matrices 
HM-0110 4x 10 Commercial Diode Matrices 
HM-0168 6 x 8 Commercial Diode Matrices 
HM-104 10 x 4 Commercial Diode Matrices 
HM-0186 8 x 6 Commercial Diode Matrices 


POWER/LOGIC STROBE 


HD-6600 Quad Power Strobe 
HD-6605 Quad Logic Strobe 
MOS MEMORY 
HM-7202 1024 X 1 Static N-Channel RAM 


PAGE 


Me-28 


| Me-28 


Me-32 
Me-32 
Me-36 
Me-36 
Me-40 
Me-40 


Me-45 
Me-51 
Me-51 
Me-55 


Me-3 
Me-3 


~Me-3 


Me-3 

Me-3 

Me-13 
Me-13 
Me-13 
Me-13 
Me-13 
Me-13 
Me-13 
Me-21 
Me-21 
Me-21 
Me-21 


Me-9 
Me-9 


Me-23 
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DIGITAL DATA SHEETS 


Harris is proud to be a fully qualified supplier of both the 4000 and 54/74C standard CMOS 
logic families. For that reason a special separate catalog has been prepared giving full tech- 
nical descriptions of all CMOS devices. Included in the catalog is a cross reference guide iden- 
tifing alternate sources both by manufacturer and by device function. Users of CMOS will 
decide for themselves the relative merits of competing logic families. The current trend is to 
mix the advantages of both. Regardless of choice, users of Harris CMOS will benefit from 
obtaining both their requirements from one supplier. Should you require use of a Harris 
CMOS catalog please complete the appropriate information on the Literature Request tear- 
out card found at the back of this catalog and return it to your nearest sales office for im- 
mediate action. 


Di-1 


CMOS 


Di-2 


HD-54C/74* SERIES 


MANUFACTURER CROSS REFERENCE 


FUNCTION HARRIS 
Quad 2 Input NAND HD-74C00 
Quad 2 Input NOR HD-74C02 
Hex Inverter HD-74C04 
Quad 2 Input AND HD-74C08 
Triple 3 Input NAND HD-74C10 
Hex Schmitt Trigger HD-74C14 
Dual 4 Input NAND HD-74C20 
8 Input NAND HD-74C30 
Quad 2 Input OR HD-74C32 
BCD to Decimal Decoder HD-74C42 
BCD to 7 Segment Decoder HD-74C48 
Dual J-K Flip-Flops with Clear HD-74C73 
Dual D Flip-Flop HD-74C74 
Dual J-K Flip-Flops 

with Clear and Preset HD-74C76 
4-Bit Binary Full Adder HD-74C83 
4-Bit Magnitude Comparator HD-74C85 
Quad 2 Input Exclusive OR HD-74C86 
64-Bit Three State Random 

Access Read/Write Memory HD-74C89 


4-Bit Right-Shift Left-Shift Register HD-74C95 


Dual J-K Flip-Flops with Clear HD-74C107 
8 Channel Digital Multiplexer HD-74C151 
4 Line to 16 Line Decoder/ 

Demultiplexer HD-74C154 
Quad 2 Input Multiplexers HD-74C157 


Decade Counter with 
Asynchronous Clear HD-74C160 


Binary Counter with 
Asynchronous Clear HD-74C161 


Decade Counter with 
Synchronous Clear | HD-74C162 


Binary Counter with 
Synchronous Clear HD-74C163 


8-Bit Parallel Out Serial 
Shift Register HD-74C164 


Parallel Load 8 Bit Shift Register HD-74C165 


*AIl Listed 74C Devices Are Available Also As 54C 


NATIONAL 
MM74C00 
MM74C02 
MM74C04 
MM74C08 
MM74C10 

~MM74C14 
MM74C20 
MM74C30 
MM74C32 
MM74C42 
MM74C48 
MM74C73 
MM74C74 


MM74C76 
MM74C83 
MM74C85 
MM74C86 


MM74C89 
MM74C95 
MM74C107 
MM74C151 


MM74C154 
MM74C157 


MM74C160 
MM74C161 
MM74C162 
MM74C163 


MM74C164. 
MM74C165 


TELEDYNE 
MM74C00 
MM74C02 
MM74C04 
MM74C08 
MM74C10 
MM74C14 
MM74C20 


MM74C42 


MM74C73 
MM74C74 


MM74C76 


MM74C95 
MM74C107 
MM74C151 


MM74C154 
MM74C157 


MM74C160 
MM74C161 
MM74C162 
MM74C163 


MM74C164 


FUNCTION 

Three State Quad D Flip-Flop 
Hex D Flip-Flop 

Quad D Flip-Flop 


Synchronous 4-Bit Up/ 
Down Decade Counter 


Synchronous 4-Bit Up/ 
Down Binary Counter 


4-Bit Registers 


256-Bit Three State Random 
Access Read/Write Memory 


Dual Monostable Multivibrator 
Hex Inverting TTL Buffer 

Hex Non-Inverting TTL Buffer 
Hex Inverting PMOS Buffer 


Hex Non-Inverting PMOS Buffer 


Three State Hex 
Non-Inverting Buffer 


Three State Hex 
Non-Inverting Buffer 


*All Listed 74C Devices Are Also Available As 54C. 
** All Listed 80C Devices Are Also Available As 70C. 


HARRIS 
HD-74C173 
HD-74C174 
HD-74C175 


HD-74C192 


HD-74C193 
HD-74C195 


HD-74C200 
HD-74C221 
HD-74C901 
HD-74C902 
HD-74C903 
HD-74C904 


HD-80C95** 


HD-80C97 ** 


NATIONAL 


MM74C173 
MM74C174 
MM74C175 


MM74C192 


MM74C193 
MM74C195 


MM74C200 
MM74C221 
MM74C901 
MM74C902 
MM74C903 
MM74C904 


MM80C95 


MM80C97 


TELEDYNE 


MM74C173 


MM74C192 


MM74C193 
MM74C195 


Di-3 
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CMOS 


FUNCTION 


Dual 3 Input NOR 
~ Gate + Inverter 


Quad 2 Input NOR 
Dual 4 Input NOR 


18 Stage Static Shift 
Register 


Dual Complementary 
Pair + Inverter 


4-Bit Full Adder 

Quad 2 Input NAND 

Dual 4 Input NAND 

Dual D Flip-Flop 

8 Stage Static Shift Register 
Dual 4 Static Shift Register 
Decade Counter 
Preset/Divide by N Counter 
Quad AND/OR Select 


14 Stage Binary/ 
Ripple Counter 


8 Stage Static Shift Register 
Divide by 8 Counter 

Triple 3 Input NAND 

7 Stage Binary Counter 
Triple 3 Input NOR 

Dual J=K Flip-Flop 
BCD/Decimal Decoder 
Preset Up-Down Counter 
Quad Exclusive OR 


4 Stage Parallel In/ 
Parallel Out Shift Register 


12 Stage Binary/ 
Ripple Counter 


Quad Clocked ‘“’D” Latch 


Quad Three State 
R/S Latch NOR 


Quad Three State 
NAND R/S Latch 


Hex Buffer, Inverting 
Hex Buffer, Non-Inverting 
Quad Bilateral Switch 


HD-4000 SERIES 
MANUFACTURER CROSS REFERENCE 


HARRIS 


HD-4000 
HD-4001 
HD-4002 


HD-4006 


HD-4007 
HD--4008 
HD-4011 
HD-4012 
HD-4013 
HD-4014 
HD-4015 
HD-4017 
HD-4018 
HD-4019 


HD-4020 
HD-4021 
HD-4022 
HD-4023 
HD-4024 
HD-4025 
HD-4027 
HD-4028 
HD-4029 
HD-4030 


HD-4035 


HD-4040 
HD-4042 


HD-4043 


HD-4044 
HD-4049 
HD-4050 
HD-4066 


RCA 


CD4000 
CD4001 
CD4002 


CD4006 


CD4007 
CD4008 
CD4011 
CD4012 
CD4013 
CD4014 
CD4015 
CD4017 
CD4018 
CD4019 


CD4020 
cpD4021 
cD4022 
CD4023 
cD4024 
CD4025 
CD4027 
CD4028 
cp4029 
CD4030 


CD4035 


CD4040 
CD4042 


CD4043 


CD4044 


.CD4049 


CD4050 
CD4066 


NATIONAL 


MM4601 
MM4602 


MM4606 


MM4611 
MM4612 
MM4613 
MM4614 


MM4617 


MM4619 


MM4620 
MM4621 
MM4622 
MM4623 
MM4625 
MM4627 


MM4630 


MM4635 


MM4649 
MM4650 
MM4666 


MOTOROLA 


MC14000 
MC14001 
MC14002 


MC14006 


MC14007 
MC 14008 
MC14011 
MC14012 
MC14013 
MC14014 
MC14015 
MC14017 


MC14020 
MC14021 
MC14022 
MC14023 
MC14024 
MC14025 
MC14027 
MC14028 


MC14035 


MC14040 
MC14042 


MC14049 
MC14050 
MC14066 


FUNCTIONAL CROSS REFERENCE OF 


HD-4000 SERIES AND HD-54C/74C SERIES 


4000 54C/74C* 
ARITHMETIC FUNCTIONS SERIES SERIES 
Four-Bit Binary Full Adder HD-4008 HD-74C83 
Four-Bit Magnitude Comparator — HD-74C85 
COUNTERS 
7 Stage Binary HD-4024 _ <2 
12 Stage Ripple-Carry Binary HD-4040 — o = 
14 Stage Ripple-Carry Binary HD-4020 — an 
IDecade Counter/ Divider 
+10 Decoded Decimal Outputs HD-4017 — 
Divide by 8 Counter/Divider 
with 8 Decimal Outputs HD-4022 — 
Presettable Divide by “’N” 
Counter Fixedor Programmable HD-4018 — 
Presettable Up/Down Counter 
Binary or BCD Decade HD-4029 — 
Synchronous Decade — HD-74C160 
Synchronous Binary — HD-74C161 
Fully Synchronous Decade -- HD-74C162 
Fully Synchronous Binary ~— HD-74C163 
Synchronous Up/Down Decade CD40192 HD-74C192 
(RCA)** 
Synchronous Up/Down Binary CD40193 HD-74C193 
(RCA)** 
DECODERS/MULTIPLEXERS 
Quad Bilateral Switch HD-4066 — 
BCD to Decimal Decoders HD-4028 HD-74C42 
BCD to 7 Segment Decoder — HD-74C48 
8 Channel Digital Multiplexer — HD-74C151 
4 Line to 16 Line — HD-74C154 
Quad 2 Input _ HD-74C157 
FLIP-FLOPS 
Dual “’D” with Set/Reset ~HD-4013 HD-74C74 
Dual ‘’J-K’’ with Set/Reset HD-4027 — 
Quad Clocked ‘’D” Latch HD-4042 — 
Quad Three State NOR Reset/Set Latch HD-4043 ~ 
Quad Three State NAND Rest/Set Latch HD-4044 _ 
Dual ‘‘J-K’’ Master/Slave ~ HD-74C73 
Dual “‘J-K’’ Master/Slave with Preset ~— HD-74C76 
Dual “J-K"’ -— HD-74C107 
Quad “‘D”’ Three State (Quad Latch) CD4076 HD-74C173 
(RCA)** 
Hex “D’’, — HD-74C174 
Quad “7D” — HD-74C175 


*All Listed 74C Devices Are Available Also As 54C. 
**Pin Compatible with 54C/74C. 


Di-5 


GATES/BUFFERS/INVERTERS 


Dual 3 Input NOR Gate + Inverter HD-4000 — 
Quad 2 Input NOR HD-4001 HD-74C02 
Dual 4 Input NOR HD-4002 — 
Quad 2 Input NAND HD-4011 HD-74C00 
Dual 4 Input NAND HD-4012 HD-74C20 
Triple 3 Input NAND HD-4023 HD-74C10 
Triple3 Input NOR HD-4025 _ 
Hex Inverter CD4069 HD-74C04 
mae (RCA)** 
CS = Quad 2 Input AND - HD-74C08 
Oo 8 Inputs NAND — HD-74C30 
Quad 2 Input OR — HD-74C32 
Quad 2 Input Exclusive OR HD-4030 HD-74C86 
MC14507 
(MOTO)** 
Quad AND-OR Select HD-4019 — 
Dual Complementary Pair + Inverter HD-4007 — 
Hex Buffer/Converter, Inverting HD-4049 HD-74C901 
Hex Buffer/Converter, Non-Inverting HD-4050 HD-74C902 
Hex Inverting PMOS Buffer — HD-74C903 
Hex Non-Inverting PMOS Buffer — HD-74C904 
Three State Hex Buffer = HD-80C95*** 
Three State Hex Buffer _ HD-80C97*** 
SHIFT REGISTERS 
18 Stage Static Shift Register HD-4006 — 
Dual 4 Stage with Serial Input/ 
Parallel Output HD-4015 — 
8 Stage Synchronous Parallel Input/ 
Serial Output HD-4014 HD-74C165 
8 Stage Asynchronous Parallel Input/ 
Serial Output HD-4021 — 
4 Stage with J-K Input and True/ 
Complement Output HD-4035 — 
4-Bit Right-Shift Left-Shift — HD-74C95 
8-Bit Serial-In Parallel Out om HD-74C164 
4-Bit Parallel-In Parallel-Out: — HD-74C195 
SPECIAL FUNCTIONS 
Hex Schmitt Trigger CD40106 HD-74C14 
(RCA)** 
MC14584 
| (MOTO) ** 
Dual Monostable Multivibrator — HD-74C221 
64-Bit Three State Random Access 
Read/Write Memory | — HD-74C89 
256-Bit Three State Random Access 
HD-74C200 


Read/Write Memory ~ 


*AIl Listed 74C Devices Are Also Available As 54C. *¥¥* All| Listed 80C Devices Are Available Also As 70C. 
**Pin Compatible with 54C/74C. 
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LINEAR DATA SHEETS 


The Harris family of analog devices ... a select line of linears featuring state-of-the-art per- 
formance and monolithic reliability at realistic prices. 


Harris Semiconductor has long been synonymous with high performance state-of-the-art 
linear intergrated circuits. And, indeed, wherever monolithic performance is measured in terms 
of slew rate, bandwidth, and power consumption, Harris operational amplifiers still represent 
the leading edge of monolithic technology. 


Linears from the Harris family can also lower your instrumentation systems costs substantially, 
improve performance, lower parts count, reduce design time, and increase system reliability. 
In the past, the speed and accuracy of most of these linears could only be approached with 
discrete devices, hybrids, or modules. 


Excellent applications for Harris linears include: data acquisition, test equipment, telemetry, 
medical instruments, and process control. 


Harris is now the industry’s leading manufacturer of CMOS analog switches and multiplexers 
featuring devices both with and without built-in overvoltage protection. All Harris switches 
and multiplexers utilize a special process that completely eliminates latchup while greatly 
reducing chances of channel interaction. 


Technical advantage and volume production are both backed up by immediate nation wide 
applications support. When you think linears ... think Harris. 


Li-1 


LINEAR 


Li-2 


PAGE 


Li-3 

Li-4 

Li-5 

Li-6 

Li-11 
Li-15 
Li-19 
Li-23 
Li-27 
Li-31 
Li-35 
Li-39 
Li-43 
Li-47 
Li-51 
Li-55 
Li-59 
Li-63 
Li-67 
Li-71 


_Li-75 


Li-79 
Li-83 


—Li-89. 


Li-95 

Li-99 

Li-103 
Li-107 
Li-107 
Li-107 
Li-111 
Li-115 
Li-115 
Li-117 
Li-123 
Li-129 
Li-135 
Li-141 
Li-145 
Li-149 


Li-153 


Li-153 


LINEAR ALPHA-NUMERICAL INDEX 


ITEM 


Military Operational Amplifiers Guide 


Commercial/Industrial Operational Amplifiers Guide 


Selection Guide 
Cross-Reference 
HA-909/91 1 


HA-2000/2005/2000A/2005A 
HA-2050/2055/2050A/2055A 
HA-2060/2065/2060A/2065A 


HA-2111/2211 
HA-2311 
HA-2400/2404/2405 
HA-2420/2425 
HA-2500/2502/2505 
HA-2510/2512/2515 
HA-2520/2522/2525 
HA-2530/2535 
HA-2600/2602/2605 
HA-2620/2622/2625 
HA-2630/2635 
HA-2640/2645 
HA-2650/2655 
HA-2700/2704/2705 
HA-27 20/2725 
HA-2730/2735 
HA-2820/2825 
HA-2900/2904/2905 
HD-0165 
HD-245/545 
HD-246/546/249/549 
HD-248/548 
HD-1488 

HD-1489 

HD-1489A 

H1!-200 

H1-201 
HI-506A/507A 
HI-508A/509A 
HI-1080/1085 
HI-1800A 
HI-1818A/1828A 
HI-5040 — 5051 
H!-5046A/5047A 


Operational Amplifiers 

F.E.T. Input Preamplifier 

High Slew Rate F.E.T. Input Operational Amplifiers 
Wide Band F.E.T. Input Operational Amplifier 
Voltage Comparators 

Voltage Comparator 

PRAM Four Channel Programmable Amplifier 
Sample and Hold Cated Operational Amplifier 

High Slew Rate Operational Amplifiers 

High Slew Rate Operational Amplifiers 

High Slew Rate Operational Amplifiers 

High Slew Rate, Wideband Inverting Amplifier 

High Impedance Operational Amplifier 

Wide Band, High Impedance Operational Amplifiers 
High Performance Current Booster 

High Voltage Operational Amplifier 

Dual High Performance Operational Amplifier 

High Performance Operational Amplifiers 

Wide Range Programmable Operational Amplifier 
Wide Range Dual Programmable Operational Amplifier 
Phase Locked Loop 

Chopper Stabilized Operational Amplifier 

Keyboard Encoder 

Triple Line Transmitter 

Triple Line Receivers 

Triple Party Line Receiver 

Quad Line Driver 

Quad Line Receiver 

Quad Line Receiver 

Dual SPST CMOS Analog Switch 

Quad SPST CMOS Analog Switch 

16 Channel Analog Multiplexer with Overvoltage Protection 
8 Channel Analog Multiplexers with Overvoltage Protection 
8-Bit D to A Converter High Speed Monolithic 
Analog Switch Four-Channel 

8 Channel Analog Multiplexers 

CMOS Analog Switches 

CMOS Analog Switches 


HARRIS OPERATIONAL AMPLIFIERS 
Selection Guide for Military Applications 


-559C to +125°C 


t [_F.E.T, PREAMP _| PRAM™ | S/H __| 
PARAMETER HA-909 | HA-2000 THA-2000A/HA-2050 | HA-2050A|HA-2060 | HA-2060A/HA-2400 [HA-2420 UNITS 


INPUT CHARACTERISTICS 
Offset Voltage 
Drift (Typ.) 
Bias Current 300 (1) 
Offset Current 
Common Mode Range 
INPUT NOISE (1) 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain 
Common Mode Rejection Ratio 74 74 80 
Bandwidth (Typ.) (1) 24 (3) 24(3) | 16(3) 
OUTPUT CHARACTERISTICS 
Output Voltage Swing +10 +10 + + +10 +10 +10 
Output Current (1) +5(1) +5 (1) + +10(1) +10(1) | +20(1) 
Full Power Bandwidth (Typ.) (1) 1,000(3) | 1,000(3) | 2,000(3)} 2,000 (3) | 600(3)| 600(3) | 500(3) 
TRANSIENT RESPONSE 
Rise Time (1) 50(3) 50(3) 50(3) 50 (3) 50(3) 50(3) 20(3) 100(3) 
Overshoot (1) 5(3) 5(3) 25(3) 25(3) 25(3) 25(3) 25(3) 20(3) 
Slew Rate (1) : 100(3) 100(3) 120(3) 120(3) 35(3) 35(3) | 50(3) 5 (3) 
Settling Time (Typ.) (1) (3) 0.4 | (3) 04 | (3) 0.4 (3)0.4 | (3) 0.8 |; (3) 0.8 |} (3)1.5 
POWER SUPPLY CHARACTERISTICS 
Supply Current (1) (1) 1.7 | (1) 1.7 | (i) 8.0 (8.0 | (60 ; (1) 6.07) (16.0 
Power Supply Rejection Ratio 74 74 
FUNCTIONAL CHARACTERISTICS 
Offset Adjust Yes 
Compensation Components 
Output Protection 
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PARAMETER? 


INPUT CHARACTERISTICS 
Offset Voltage + : : 


Drift (Typ.) 

Bias Current 

Offset Current 
Common Mode Range 

INPUT NOISE (1) 

TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain 
Common Mode Rejection Ratio 
Bandwidth (Typ.) (1) 

OUTPUT CHARACTERISTICS 
Output Voltage Swing 
Output Current (1) 

Full Power Bandwidth (Typ.) (1) 

TRANSIENT RESPONSE 
Rise Time (1) 

Overshoot (1) 
Slew Rate (1) 
Settling Time (Typ.) (1) 

POWER SUPPLY CHARACTERISTICS 
Supply Current (1) 

Power Supply Rejection Ratio 

FUNCTIONAL CHARACTERISTICS 
Offset Adjust 


Compensation Components 
Output Protection 


(1) At +25°C 


(2) Not applicable or not specified 


*  TOQ-86 only 


(3) Typical 


(4) V supply = + 40V 


+35(4) 


+12 


(5) Dependent upon Iset value 


t Guaranteed for +15V supplies and applicable temperature 
range unless otherwise specified 


8 to 10 

10 to 40 

7.5 to 20 
+10 


(5) 
25K 
80 
.01 to 10 
(5) 
+ 13.5(3) 


2,000(3) 
5 to 15(3) 
1 to .8(3) 


(5) 
.02 to .2 


8 to 10 

10 to 40 

7.5 to 20 
+10 


2,000(3) 
5 to 15 (3) 
.1 to .8(3) 


(5) 
.02 to .2 
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HARRIS OPERATIONAL AMPLIFIERS 


Selection Guide | 
for Commercial/Industrial Applications 


0°C to i A i 


panameTeRT | wacont| ACTONBTHACZOUERIWA-2055 | HA2055AlWA-2065 4a 20n5A|WA2408 HA 2425 [Wa.2505 | wA.2515| wa2s25 | waz | UNIT 


INPUT CHARACTERISTICS 


Offset Voltage 14 
Drift (Typ.) 30 
Bias Current 500 500 
Offset Current - 100 100 
Common Mode Range +10 +10 
INPUT NOISE (3) 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain 70K 70K 25K 5K 
Common Mode Rejection Ratio 70 70 70 70 74 74 
Bandwidth (Typ.) 10(3) 20(3) 24(3) | 24(3) 18(3) 12 (3) 
OUTPUT CHARACTERISTICS 
Output Voltage Swing +10 +10 +10 +10 +10 +10 +10 
Output Current (1) + 5 +5 +10(1) | +101) | +101) 20(3) | +10 +10 
Full Power Bandwidth (Typ.)(1) 1,000(3) | 1,000(3) 600(3) | 600(3) 200(3) | =70(3) 1,000 
TRANSIENT RESPONSE 
Rise Time (1) 50(3) 50(3) 50(3) 50(3) 20 100(3) 50 
Overshoot (1) 5(3) 5 (3) 25(3) | 25(3) 25 20(3) 50 
Slew Rate (1) 100(3) 100(3) 120(3) 35(3) | 35(3) 15: 5(3) +40 
Settling Time (Typ.) (1) 0.4(3) 0.4(3) .8(3) .8(3) 1.5 0.25 
POWER SUPPLY CHARACTERISTICS 
Supply Current (1) 1.7 8.0 6.0 6.0 6.0 6.0 
Power Supply Rejection Ratio 70 70 74 74 
FUNCTIONAL CHARACTERISTICS 
Offset Adjust Yes No Yes 
Compensation Components OAV>5/} OAV>5 | 0AV>10 0 
Output Protection Yes No No 


PARAMETER? 


INPUT CHARACTERISTICS 
Offset Voltage 
Drift (Typ.) 

Bias Current 
Offset Current 
Common Mode Range 

INPUT NOISE (3) 

TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain 
Common Mode Rejection Ratio 
Bandwidth (Typ.) (1) 

OUTPUT CHARACTERISTICS 
Output Voltage Swing 
Output Current (1) 

Full Power Bandwidth (typ.) 

TRANSIENT RESPONSE 
Rise Time (1) 

Overshoot (1) 
Slew Rate (1) 
Settling Time (Typ.) (1) 

POWER SUPPLY CHARACTERISTICS 
Supply Current (1) 

Power Supply Rejection Ratio 

FUNCTIONAL CHARACTERISTICS 
Offset Adjust 
Compensation Components 
Output Protection 


(1) At +25°C 


(2) Not applicable or not specified 


*  TO-86 only 


Li-4 


HA-2605 | HA-2625 | HA-2635 


(3) Typical 


(4) V supply 


0°C to +750C 


HA-2645 wa-2655 |HA-2708 HA-2725 | HA-2735 WA.2905 [HAZE HA-2704 | HA-2904 


11 
£22 (3) 


7 7 
8 to 10 8 to 10 
10 to 40 10 to 40 
7.5 to 20 | 7.5 to 20 
+10 +10 


20K 
74 


.01 to 10} .01 to 10 


= 13.5(3) 


2,000 (3) 
5 to 15(3) 
1 to 8 


200 (3) 
20 (3) 


(5) Dependent upon Iset value 


=T40V 


t Guaranteed for +15V supplies and applicable temperature 


range unless otherwise specified 


2.5 (3) 


-25°C to +85°C 
UNITS 


25K 
80 
16 (3) 


+10 
20 (1) 
500 (3) 


20 (3) 200 (3) 

25 (3) 20 (3) 

50 2.5 (3) 
1.5 (3) 


6.0 (1) 
80 


No 
0AV>10 
Yes 


SELECTION GUIDE 
Interface Circuits 


COMPARATORS 
~55°C to +125°C -25°C to +85°C 0°C to +75°C 
PARAMETER + HA - 2111 HA - 2211 HA - 2311 UNITS 

Offset Voltage 4 4 10 mV 
Bias Current 150° 150 300 nA 
Offset Current 20 20 70 nA 
Response Time (TYP) 200 200 200 nS 
Output Current (+25°C) 50 50 50 mA 
Supply Current (1) 6 6 7.5 mA 


DIGITAL TO ANALOG CONVERTERS 


Resolution 


Absolute Accuracy L.S.B. 
Full Scale Output Volts 
Settling Time (TYP) pS 


Inputs 


PHASE LOCKED LOOPS 


Frequency Range MHz 


Tracking Range (Typ) Percent of 
fo) 
Drift of fo (TYP) PPM/°C 


+ Guaranteed for Applicable Temperature range, unless otherwise specified 
(1) At +25°C 


PRAM PROGRAMMABLE AMPLIFIER 
HA - 2400/2404/2405 


One of four op amp input stages may be digitally selected to be connected to a single output. 
Replaces 5 op amps and a four channel multiplexer to obtain programmable gain, signal selection or 
countless other functions. 


SAMPLE — AND — HOLD/GATED OP AMP 
HA - 2420/2425 | 


Replaces two high performance op amps and a digitally controlled analog switch to form a high 
accuracy, versatile sample — and — hold, or a switchable op amp. 


CURRENT BOOSTER AMPLIFIER 
HA - 2630/2635 


A unity gain amplifier with output current up to +400 mA, and 600V/uS slew rate, designed for 
use in series with any op amp output. For Coax line drivers, servo amps, audio amps, clock drivers, etc. 


DIGITAL LINE DRIVERS/RECEIVERS 


HD - 245/246/248/249 (-55°C to +125°C) 
HD - 545/546/548/549 ( 0°C to+ 75°C) 


Triple - balanced line - current mode drivers/receivers with party line capability for high 
speed (to 15 MHz) or long distance (to 3,000 feet) with superior noise immunity. 


HD - 1488/1489/1489A 


Industry standard quad drivers/receivers for E.1.A. spec. RS - 232C interfaces. 


KEYBOARD ENCODER 
HD - 0165 


Universal 16 key inputs, 4 parallel outputs with strobe and Key rollover output. li-6 
| - 


CROSS-REFERENCE 
Linear and Interface Devices 


MANUFACTURER PART NUMBER HARRIS EQUIVALENT NOTES 


Advanced Micro Devices AM111/211/311 HA-2111/2211/2311 
AM118/318 HA-2510/2515 


Analog Devices 


Burr Brown 


AM715 
AM 1660 


AM1488 
AM 1489 


AM1489A 


AM9616 
AM9617 


AD505 
AD507J* 
AD507$ 
AD509J* 
AD509$ 
AD518 
AD7501 
AD7502 
AD7503 
AD7506 
AD7507 
AD7510 
AD7511 
AD7512 
AD7513 


3500A 
3900R 
3505J 
3506J 
3507J 
3508J 
35505 
3550K 
3550S 
MPCBD 
MPC 16S 


HA-2520/2525 
HA-2500/2505 
HA-2600/2605 
HA-2700/2705 


HD-1488 
HD-1489 
HD-1489A 
HD-1488 
HD-1489A 


HA-2530/2535 
HA-2625 
HA-2620 
HA-2525 
HA-2520 
HA-2510/2515 
HI-1818A 
Hi-1828A 
HI-1818A 
HI-506 

H1-507 

HI-201 

H1-201 
HI-5043 
H1-200 


HA-2605 
HA-2600 
HA-2505 
HA-2605 
HA-2525 
HA-2625 
HA-2055 
HA-2050 
HA-2055 


~ HI1-507A-5 


H11-506A-5 


~ AM-405-2 HA2-2055-5 
AM-406-2 HA2-2065-5 
AM-452-2_ HA2-2525-5 
AM-462-1 HA 1-2625-5 
AM-462-2 HA2-2625-5 
SHM-1C-1 “HA-2425 


XR215 HA-2820/2825 
XR 1488 HD-1488 
XR 1489A HD-1489A 


Barge equivalent is either military device or selected commerical device 


NOTES: A. Pin--for-—pin replacement 1. identical electrical specifications 
B. Minor pin-out difference (offset adj., 2. Harris part superior in most parameters 
compensation, etc.) | 3. Parameter tradeoffs — consult data sheets 
C. Not pin compatible — consult data sheets. 


Li-6 


MANUFACTURER PART NUMBER HARRIS EQUIVALENT NOTES 


HA-2620/2625 
HA-909/911 
HA-2520/2525 


Fairchild Semiconductor A702 
A709 


A715 


uA725 HA-2700/2705 
wAT27 HA-2900/2905 
A734 HA-2111/2311 
uA740 HA-2060/2065 


WA741 HA-909/911, 2600/2605 
2700/2705 


2640/2645 


UATAT HA-2650/2655 
yAT48 HA-2620/2625 
mATI2 HA-2510/2515 
wATT6 HA-2720/2725 
wAT791 HA-2630/2635 
$H3002 HI-1800A 

1558/1458 HA-2650/2655 
9616 HD-1488 


9617 HD-1489/A 


Intersil 111/211/311 HA-2111/2211/2311 
1H5040* H1i-5040 
thru thru 
1H-5051 Hi-5051 
8007 HA-2060/2065 
8008 HA-2600/2605 
8017 HA~2520/2525 
1H5110/5111 HA-2420/2425 
1H5060 HI-506A 
1H5070 HI-507A 
Ic =s 
DE =HI1 
PE =HI 1 
i. TW = HI 2 
* Part Numbers: Intersil IH5040MDE 
Harris Hi 1-5040-2 
Intronics HA-2055 
HA-2065 
HA-2525 
HA-2625 
HA-2535 
HA-2905 
Motorola MC 1508/1408 H!-1080/1085 
MC 1520/1420 HA-2600/2605 
MC 1530/1531/1430/1431 HA-2600/2605 
MC 1533/1433 HA-2700/2705 
MC 1536/1436 HA-2640/2645 
MC 1538/1438 HA~2630/2635 
MC 1539/1439 HA~2620/2625 
NOTES: A. Pin-for—pin replacement 1. Identical electrical specifications 
B. Minor pin-out difference (offset adj., 2. Harris part superior in most parameters 
compensation, etc.) 3. Parameter tradeoffs — consult data sheets 


C. Not pin compatible — consult data sheets. 
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MANUFACTURER PART NUMBER HARRIS EQUIVALENT NOTES 


Motorola (continued) 


~ National Semiconductor 


Precision Monolithics 


RCA 


NOTES: A. Pin-for—pin replacement 


McC 1545/1445 
MC 1554/1454 
MC 1556/1456 
MC 1558/1458 
MC 1582L 
MC1583L 
MC1584L 
MC1488L 
MC1489L 
MC1489AL 


LHO001 
LH0002 
LH0003 
LH0004 
LH0005 
LH0022/42/52 
LH0023/43 
LH0024 
LH0032 
LH0033/63 
LHO062 


LM101/301/107/307 


LM 102/302 

LM 108/208/308 
LM 110/310 
LM111/211/311 
LM112/212/312 
LM216/316 

LM 118/318 

LM 143/343 

LM 163/363 

LM 1488 
LM1489/A 


OP-01 
OP-05/07 
CMP-01/02 


SSS 1558/1458 


DAC-02/04/100 


111/211/311 
CA3020 
CA3078 
CA3100 
CA3130 
CA3558/3458 
CAG078 


CD4016 
CD4046 


B. Minor pin-out difference (offset adj., 


compensation, etc.) 


C. Not pin compatible — consult data sheets. 


HA-2400/2405 
HA-2630/2635 
HA-2600/2605 
HA-2650/2655 
HD-245 
HD-246 
HD-249 
HD-1488 
HD-1489 
HD-1489A 


HA-2700 
HA-2630 
HA-2520 
HA-2640 
HA-2620 
HA-2060/2065 
HA-2420/2425 
HA-2530/2535 
HA-2050/2055 
HA-2630/2635 
HA-2050/2055 


HA-909/911, 2600/2605, 2700/ 
2705 

HA-2600/2605 

HA-2700/2704/2705 

HA-2500/2505 

HA-2111/2211/2311 

HA-2700/2704/2705 

HA-2060/2065 

HA-2510/2515 

HA-2640/2645 

HD-248/548 

HD-1488 

HD-1489/A 


HA-2600/2605/2500/2505 
HA-2900/2905 
HA-2111/2311 
HA-2650/2655 
H1-1080/1085 


HA-2111/2211/2311 
HA-2630/2635 
HA-2720/2730 
HA-2520/2525 
HA-2060/2065 
HA-2650/2655 
HA-2720/2730 


Hi-201 
HA-2820/2825 


1. Identical electrical specifications 


2. Harris part superior in most parameters 
3. Parameter tradeoffs — consult data sheets 


MANUFACTURER PART NUMBER HARRIS EQUIVALENT NOTES 


Raytheon RM/RC1556A HA-2600/2605 
RM/RC4131 HA-2600/2605 
RM/RC4132 HA-2700/2705 
RM/RC4531 HA-2500/2505 
RM/RC4558 HA-2650/2655 
111/211/311 HA-2111/2211/2311 
1488 HD-1488 
1489/1489A HA-1489/1489A 
Signetics HA-2510/2515 
HA-2060/2065 
HA-2820/2825 
HA-2820/2825 
HA-2820/2825 
HA-2820/2825 
HA-2600/2605 
HA-2650/2655 


Silicon General $G741S HA-2500 B2 
SG741SG HA-2505 B2 


H1-5048 
H1-5049 
H!-5045 
H1-5050 
HI-5042 
H1i-5051 
Hi-5043 
H1-200 
HI-201 
H1I-506 
Hi-507 
HI-508A 
HI-509A 
HA-2060/2065 
HA-2720/2725 
* Part Numbers: Siliconix vembl 
Harris Hi2-200-2 


NOTES: A. Pin-for—-pin replacement 1. Identical electrical specifications 
B. Minor pin-out difference (offset adj., 2. Harris part superior in most parameters 
compensation, etc.) 3. Parameter tradeoffs — consult data sheets 


C. Not pin compatible — consult data sheets. 
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MANUFACTURER PART NUMBER HARRIS EQUIVALENT 


Teledyne Philbrick 


Texas Instruments 


Transitron 


NOTES: A. Pin-for-pin replacement 


CM4016A 


j2c4000/4001/4002 
éc4000C/40010/4002C 


pc4250 
pc4250c 


pALS/LN2139 
mLS/MLN2151 
ULS/MLN2156 
uLS/uLN2157 
MLS/WLN2158 
MLS/uLN2171 
wLS/uLN2172 
uLS/uLN2173 
pLS/LN2174 
uLS/uLN2175 
MLS/ULN2176 
MLS/MLN2177 
uLS/uLN2178 


1321 
1322 
1323 
1324 
1422 
1427 
1431 
143101 


51/72L022 
52/72088 
52/72310 
52111/72311 
52/72558 
52/72660 
52/72770 
52/72771 
75107A/108A 
75 109/110 
75150 
75152 
75154 


TOA/709 
TOA8709 
TOA7809 
TOA8809 


B. Minor pin-out difference (offset adj., 


compensation, etc.) 


C. Not pin compatible — consult data sheets. 
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HI-201 
HA-2600 
HA-2605 
HA-2720 
HA-2725 


HA-2600/2605 
HA-2600/2605 
HA-2600/2605 
HA-2650/2655 
HA-2620/2625 
HA-2600/2605 
HA-2620/2625 
HA-2600/2605 
HA-2620/2625 
HA-2600/2605 
HA-2620/2625 
HA-2060/2065 
HA-2060/2065 


HA-2625 
HA-2525 
HA-2705 
HA-2505 
HA-2055/2065 
HA-2065 

HA-2065A 
HA-2060A 


HA-2730/2735 
HA-2904/2905 
HA-2500/2505 
HA-2111/2311 
HA-2650/2655 
HA-2700/2705 
HA-2600/2605 
HA-2620/2625 
HD-549 
HD-545 
HD-1488 
HD-1489/A 
HD-1489/A 


HA-2600 
HA-2605 
HA-2060A 
HA-2065A 


1. Identical! electrical specifications 
2. Harris part superior in most parameters 
3. Parameter tradeoffs — consult data sheets 


SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


HA-909/9T1 


Operational Amplifiers 


GENERAL DESCRIPTION 


The integrated circuit covered by this data sheet forms a 
part of Harris’ family of linear circuits intended for use as 
universal building blocks for analog circuitry. This Low 
Noise Operational Amplifier provides the 6dB per octave 
high frequency roll-off required for unconditional stability 
in Operational feedback connections without the use of 
external compensation networks. 


Simple resistive trim adjustment for zeroing input offset 
voltage is provided on the TO-86 package. The circuit is 
comprised of vertical NPN and PNP transistors in separate 
dielectrically isolated islands using advanced isolation tech- 
niques. These advanced production processes give the 
designer access to high performance integrated circuits with- 
out the technical compromises necessary with conventional 
junction isolation and lateral PNP fabrication methods. 


The circuit is designed to meet or exceed the mechanical and 
environmental requirements of MIL-STD-883. 


SCHEMATIC 


BANDWIDTH 
CONTROL 


INPUT 
INVERTING U 


INPUT CG 
NON-INVERTING 


BIAS 
contro. V 


OFFSET © 
CONTROL 


CODE 9V TO-86 (METAL BOTTOM) PIN OUT T0-86 
SEATING PLANE 
Top View 
a BANDWIDTH CONTROL 1 14 CASE 
‘ NC 2 13 NC 
250 |B NC 3 12 NC 
0 INVERTING INPUT 4= 11 ve 
NON-INVERTING-INPUT 5 10 OUTPUT 
V- 6 9 NC 
an a 
OFFSET CONTROL 7 8 BIAS CONTROL 
013 REF. 


.005 + .002 { 


ALL DIMENSIONS ARE IN INCHES. 
CODE 2A 


ALL DIMENSIONS + .010 UNLESS 
170 500 MIN 
—— 940 
ES | 


OTHERWISE SHOWN. 


Bottom View 


| 8 LEADS 
O17 TYPICAL 
SEATING PLANE 


TO-99 
BANDWIDTH CONTROL ; 
Top View 
CASE @ 
INVERTING (6) OUTPUT 


INPUT 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage Between Vt and V— Terminals 50.0V 

Differential Input Voltage : +7.0V 

Peak Output Current +50mA 

Internal Power Dissipation (Note 10) 300mW 

Operating Temperature Range — HA-909 —§5°C < Ta < +125°C 

HA-911 0°C < Ty <+75°C 
—65°C < Ta <+150°C 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: Vsupply = +15.0V unless otherwise specified. 


HA-909 -HA-911 
—55°C to +125°C 0°C to +75°C 


INPUT CHARACTERISTICS 


* Offset Voltage ie 
Equivalent Input Noise (Note 9) LV 
* Bias Current He 
* Offset Current an 
Offset Current Average Drift nA/°C 
Input Resistance - 
Common Mode Range V 
TRANSFER CHARACTERISTICS 
* Large Signal Voltage Gain V/V 
(Notes 1, 4) V/V 
* Common Mode Rejection Ratio 4B 
(Note 2) 
Unity Gain Bandwidth (Note 3) MHz 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) V 
* Output Current (Note 4) mA 
Output Resistance Ohms 
TRANSIENT RESPONSE 
Rise Time (Notes 1, 5, 6 & 8) ns 
Overshoot (Notes 1, 5, 6 & 8) % 
* Slew Rate (Notes 1, 5 & 8) Vills 
POWER SUPPLY 
CHARACTERISTICS 
* Supply Current +259 1.8 2.5 | 1.8 2.5 mA 
* Power Supply Fsjection Ratio — | 
(Note 7) Full 80 92 74 90 dB 
at ee, 
NOTES: 1. Ry = 2KL2 4. Vo = +10.0V 8. See Transient Response test circuits and 
2. Vem = +5.0V 5. Cy = 100pF waveforms — page 3. 
3. Vo < 90mv 6. Vo = +200mV 9. 10 — 1000Hz, Rg = 10KS2 
7. Vgup = £9.0V to +15.0v 10. Derate by 6.6mw/%c 


re) 
*100% Tested For DASH 8 above 105°C 
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GUARANTEED ELECTRICAL CHARACTERISTICS 


OUTPUT VOLTAGE SWING VS. 
SUPPLY VOLTAGE 
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SUPPLY VOLTAGE — + VOLTS 


COMMON MODE INPUT VOLTAGE 
VS. SUPPLY VOLTAGE 
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SUPPLY VOLTAGE — + VOLTS 
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COMMON MODE INPUT VOLTAGE — = VOLTS 


SUPPLY VOLTAGE — VOLTS 


TYPICAL PERFORMANCE CURVES | 
INPUT RESISTANCE VS. AMBIENT TEMPERATURE INPUT OFFSET CURRENT VS. AMBIENT TEMPERATURE 


INPUT RESISTANCE — KQ 
INPUT OFFSET CURRENT — nA 


-50 -—25 0 +25 +50 +75 +100 +125 -50 —25 0 +25 +50 +75 +100 +125 
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 


INPUT BIAS CURRENT VS. INPUT BIAS CURRENT VS. an 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


il L 
T 


ts | 
OVERSHOOT 5% 


TRANSIENT RESPONSE 


Ov ASHCOT ee ie 


INPUT BIAS CURRENT — nA 
RELATIVE OUTPUT 


INPUT BIAS 
[os] 
(=) 


+ 
el 
nD 
gal FD a 0 Oa 


0 50 100 150 200 250 
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TYPICAL PERFORMANCE CURVES(continued) 


FREQUENCY RESPONSE FOR 


CLOSED-LOOP VOLTAGE GAIN—dB 


DEFINITIONS 


Li- 14 


100 1K 10K 
FREQUENCY Hz 


Input Offset Voltage — That voltage which must be applied be- 
tween the input terminals through two equal resistances to force 
the output voltage to zero. 

Input Offset Current — The difference in the currents into the two 
input terminals when the output is at zero voitage. 

Input Bias Current — The average of the currents flowing into 
the input terminals when the output is at zero voltage. 

Input Common Mode Voltage — The average referred to ground 
of the voltages at the two input terminals. 

Common Mode Range — The range of voltages which if exceeded 
at either input terminal will cause the amplifier to cease operating. 
Common Mode Rejection Ratio — The ratio of a specified range 
of input common mode voltage to the peak to peak change in 
input offset voltage over this range. 

Output Voltage Swing — The peak symmetrical output voltage 
swing, referred to ground, that can be obtained without clipping. 
Input Resistance — The ratio of the change in input voltage to 
the change in input current. 

Output Resistance — The ratio of the change in output voltage 
to the change in output current. 


OUTPUT VOLTAGE SWING 
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Positive Output Voltage Swing — The peak positive output volt- 
age swing, referred to ground, that can be obtained without 
clipping. 

Negative Output Voltage Swing — The peak negative output volt- 
age swing, referred to ground, that can be obtained without 
clipping. 

Voltage Gain — The ratio of the change in output voltage to the 
change in input voltage producing it. 

Bandwidth — The frequency at which the voltage gain is 3 dB 
below its low frequency value. 

Unity Gain Bandwidth — The frequency at which the voltage gain 
of the amplifier is unity. 

Power Supply Rejection Ratio — The ratio of the change in input 
offset voltage to the change in power supply voltage producing it. 
Transient Response — The closed loop step function response of 
the amplifier under small signal conditions. 

Phase Margin — [180° —(¢, —$2)] where 9, is the phase shift at 
the frequency where the absolute magnitude of gain is unityo2 is 
the phase shift at a frequency much lower than the open loop 
bandwidth. 


< 


SEMICON SUSTOR 
vonmonmncrms — HA-2000/2005/2000A/2005A 


F.E.T. Input Preamplifier 


FEATURES DESCRIPTION 


@ CONVERTS ANY OP AMP OR COMPARATOR TO F.E.T. The HA-2000/2005 is a monolithic unity gain differential 
INPUT amplifier stage with J.F.E.T. inputs and bipolar transistor out- 
@ INPUT BIAS CURRENT: 1pA puts. It is intended for use as a preamplifier for operational 
@ INPUT RESISTANCE: 10'2 OHMS amplifiers and comparators to produce high input resistance and 
low bias currents without sacrificing high speed performance. 
The circuit has a much wider common mode range than simple 
@ BANDWIDTH: 10 MHz F.E.T. pairs, allowing op amps to be connected as voltage 
@ MEETS MIL-STD-883 REQUIREMENTS followers with full output swing. The circuit can also be used 
as a high impedance unity gain buffer for differential or two 

single-ended signals for frequencies from D.C. to R.F. 


@ SLEW RATE: 100 V/ US 


The HA-2000 is guaranteed for operation from -55°C to+125°C 
while the HA-2005 is guaranteed from 0°C to +75°C. 


PACKAGES SCHEMATIC 


CODE 2A Bottom View TO-99 


ALL DIMENSIONS ARE IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
170 500 MIN OTHERWISE SHOWN. 
.040 


NOTES. 1. Ali leads goid plated KOVAR 
2. All dimensions in inches 


PIN-OUT Top View 


OUTPUT B 


OFFSET 
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_ SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage Between V+ and V— Terminals 35V Internal Power Dissipation (Note 8) 300mW 

Differential Input Voltage +VSupply Operating Temp. Range -§59C <Ta<+125°C (HA-2000) 
Output Current 30mA 0°C <Ta<t75°C (HA-2005) 
\ | Storage Temp. Range ~65°C <Ta <+150°C 


ELECTRICAL CHARACTERISTICS 


HA-2000/HA-2000A HA-2005/HA-2005A 


-55°C to +125°C 0°C to +75°C 


LIMITS LIMITS 
PARAMETER TEMP. TYP. MAX. TYP. MAX. } UNITS 


INPUT CHARACTERISTICS 
Offset Voltage (Note 1) 


HA-2000 / HA-2005 mV 
mV 
HA-2000A / HA-2005A mV 
mV 
Bias Current pA 
nA 
Offset Current pa 
nA 
Input Resistance $2 
Input Capacitance pF 
Common Mode Range V 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 2) V/V 
V/V 
Common Mode Rejection Ratio (Note 3) dB 
-3dB Bandwidth MHz 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 2) V 
Output Current Source mA 
Sink UA 
Output Common Mode Offset Voltage V 
Full Power Bandwidth (Notes 4,5) kHz 
TRANSIENT RESPONSE 
Rise Time (Notes 4,6) ns 
Overshoot (Notes 4,6) % 
Slew Rate (Notes 4,5) Vitts 
POWER SUPPLY CHARACTERISTICS 
Supply Current +259C 0.7 1.7 0.7 1.7 mA 
Power supply Rejection Ratio (Note 7) Full 80 90 70 90 dB 


NOTES: 1. Adjustable to 0 with 100K {2 pot between pins 1 and 5 4. Rx = 10K to V— 
wiper to V+ 5. Vo =4£10V 
2. Ry =1M 6. Vo =+200mV 
3. Vom = +5.0V 7. Vg =+9V to +15V 
8. Derate by 6.6 mW/°C 


above 105°C 
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PERFORMANCE CURVES 
V+=15 VDC, V—=15 VDC, 


INPUT BIAS AND OFFSET CURRENT 
VS. TEMPERATURE 


Current 


Temperature (YC) 


D.C. GAIN VS. TEMPERATURE 


Gain 


Temperature (°C) 


POWER SUPPLY CURRENT VS. TEMPERATURE 


15 


Supply Current - mA 


i 
CCS 
a 


-25 +50 


Temperature (°C) 


TYP. TRANSIENT RESPONSE WAVEFORM 
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Typical Transient Response Waveforms 


Vertical Scale: 100mV/Div. 
Horizontal Scale: 100ns/Div. 


Upper Trace: input 
Lower Trace: Output 


Ta = 25°C UNLESS OTHERWISE STATED. 


EQUIVALENT INPUT NOISE 
VS.-BANDWIDTH 
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100 kHz 


Upper 3dB Frequency 
Lower 3dB Frequency = 10 Hz 


GAIN, PHASE ANGLE VS. FREQUENCY 
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Frequency (Hz) 


TRANSIENT RESPONSE, SLEW RATE 
TEST HOOK-UP 


—15V 


TYP. SLEWING RESPONSE WAVEFORM 
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Typical Slewing Response Waveforms 


Upper Trace: Input 
Lower Trace: Output 


Vertical Scale: 5V/Div. 
Horizontal Scale: 100ns/Div. 
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TYPICAL APPLICATIONS 


100K ZERO ADy. 


F.E.T. VOLTMETER 


HA-2000/2005 


BALANCED LINE AMPLIFIER FOR AUDIO TO 
100MHz SIGNALS - 


+VSUPPLY 


HOOKUP TO CREATE F.E.T. INPUT 
OP AMP OR COMPARATOR 


OFFSET ADJUST 


HA-2000/2005 
(TOP VIEW) 


ANY OP AMP OR 
COMPARATOR 


UO -VSUPPLY 


+V 
100K SUPPLY 


ALTERNATE HOOKUP TO ADJUST FOR MINIMUM 
OFFSET VOLTAGE TEMPERATURE COEFFICIENT 


Adjust R, to point of minimum offset voltage change over *!N 
temperature range. Adjust Ro to zero offset voltage. 
Drifts of less than 10 Lf V/0¢ can typically be achieved. 


ANY OP AMP OR 
COMPARATOR 


@ 
 HA-2000/2005 
(TOP VIEW) 


—VSUPPLY 
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HARRIS 
oom HA-2050/2055/2050A/2055A 


High Slew Rate F.E.T. Input 
Operational Amplifiers 


FEATURES DESCRIPTION 


@ HIGH SLEW RATE 120V/LUs 


The HA-2050/2055 is an operational amplifier combining the 
advantages of very high slew rate and wide bandwidth with 
ultra-low input current and high input resistance. These devices 
are ideal for use in sample-and-hold circuits, A/D, D/A and 
sampled data systems; and for use in wide band R.F. or video 
systems where wide bandwidth at high output levels is required. 
The device may be operated inverting or non-inverting; and 
external compensation is required only when operated at closed 
loop gains less than three. An internal feedback capacitor is 
provided to cancel phase shift in the feedback loop due to 
input capacitance. 


@ FAST SETTLING 400ns 


@ WIDE POWER BANDWIDTH 2 MHz 


@ HIGH GAIN BANDWIDTH 20 MHz 


@ HIGH INPUT IMPEDANCE 1012 OHMS 


@ LOW BIAS CURRENT 1 pA 


@ TRUE OP AMP — CAN BE OPERATED INVERTING 
OR NON-INVERTING 


The HA-2050 is guaranteed for operation from -§5°C to +125°C 
and the HA-2055 is guaranteed from 0°C to +75°C. 


PACKAGE SLEWING WAVEFORM 


@ MEETS MIL-STD-883 REQUIREMENTS 


CODE 2A TO-99 
ALL OIMENSIONS ARE IN INCHES. 
ia ALL DIMENSIONS + .010 UNLESS 
. 500 MIN OTHERWISE SHOWN. 
P™ Bottom View 
Co) ” 
ZB | 


— co 


UL Nee 


8 LEADS 
017 TYPICAL 
SEATING PLANE 


NOTES: 1. Ali leads gold plated KOVAR 
2. All dimensions in inches 


BANDWIDTH ? 
CONTROL PIN-OUT 


OFFSET Horizontal Scale: 100ns/Div. 
ADJ. (1) V+ | 

Upper Trace: Input; 1.67V/Div. 

, Lower Trace: Output; 5.0V/Div. 

IN- (6) OUT | Gain = +3, Ry = 2K Ohms, Cy = 50pF 

IN+ OFFSET 
ADJ. 
V- 
Case Connected to V+ Top View 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS - 


Voltage Between V+ and V— Terminals 35.0 Internal Power Dissipation (Note 10) 300mW 


Differential Input Voltage | +15.0V Operating Temp. Range -§59C S Ty S+1259C (HA-2050) 
Output Current 50mA 0°C STy <+75°C | (HA-2055) 
Storage Temp. Range -65°C S Ty S+150°C 


ELECTRICAL CHARACTERISTICS 


Test Conditions: Vgypojy = +15.0V unless otherwise specified. 


HA-2050/HA-2050A HA-2055/HA-2055A 
-55°C to +125°C 0°C to +75°C 


TEMP. | MIN. | TYP. | MAX. | MIN. | TYP. UNITS 


PARAMETER 


INPUT CHARACTERISTICS 
Offset Voltage (Note 1) 


HA-2050 / HA-2055 mV 
mV 
HA-2050A / HA-2055A mV 
mV 
Bias Current pA 
nA 
Offset Current pA 
nA 
Input Resistance 9 
input Capacitance pF 
Common Mode Range V 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 2,5) VIV 
V/V 
Common Mode Rejection Ratio (Note 3) dB 
Gain Bandwidth Product (Note 4) MHz 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 2) V 
Output Current mA 
Full Power Bandwidth (Note 5) kHz 
‘TRANSIENT RESPONSE 
(NOTES 2, 8, 9) 
Rise Time (Note 6) ns 
Overshoot (Note 6) % 
Slew Rate (Note 5) V/s 
Settling Time ps 
POWER SUPPLY CHARACTERISTICS 
Supply Current | +25°C 6.0 8.0 6.0 8.0 mA 
Power Supply Rejection Ratio(Note 7) Full 74 90 70 90 dB 
NOTES: 1. Adjustable to zero with 100K{2 pot between pins 6. Vo = +200mvV 
1 and 5; wiper to V+. 7. AV = +5.0V 
2. RL =2K 8. Cy =50pF 
3. Vom = +5.0V 9. Ay = +3, See transient response test circuit 
4. Ay > 10. and wave forms, page 4, 
5. Vg =+10V 10. Derate by 6.6mw/°C 


above 105°C 
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PERFORMANCE CURVES 


V+=15 VDC, V-=15 VDC, Ty = 25°C UNLESS OTHERWISE STATED. 


INPUT BIAS AND OFFSET CURRENT 
VS. TEMPERATURE 


Current 


Temperature (°C) 


NORMALIZED AC PARAMETERS 
VS. TEMPERATURE 


+25°C 


Normalized Parameters 
Referred to Values at 


Temperature (°C) 


NORMALIZED AC PARAMETERS 
VS. SUPPLY VOLTAGE AT +25°C 


BANDWIDTH ot Miaalepalese tt 
Tat ttt 


+15V 


Normalized Parameters 
Referred to Values at 


Supply Voltage 


OPEN LOOP VOLTAGE GAIN 
VS. TEMPERATURE 
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EQUIVALENT INPUT NOISE 
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Upper 3dB Frequency 
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OPEN-LOOP FREQUENCY AND PHASE RESPONSE 
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Open Loop 


Voltage Gain dB 
Phase Angle 
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180° 
Frequency (Hz) 


OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS 
VALUES OF CAPACITORS FROM BANDWIDTH CONTROL 
PIN TO GROUND 


Set Se mea at Bt BE 


stig == 
} ,S 60 RS aH Is ich 
@ 40 art — ns ‘a 
oO 20 jae SS Sa ah a nh Hh i 
0 SS Nin era 


, Saat i Sse St 


10 100 10K 100K 1M 10M 100M 


Frequency (Hz) 


OUTPUT VOLTAGE SWING 
VS. FREQUENCY AT +25°C 
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PERFORMANCE CURVES (continued) 


TRANSIENT RESPONSE; Ay = +3 


POWER SUPPLY CURRENT 
VS. TEMPERATURE 


> Cee ee 
SA ae 
= 5.7 IN q 
2 V = 
BL EE lal 
fi | | =] | 
; Cyt PE tee TL | 
ve -50 -25 0 +25 «+80 +75 #100 +125 
Temperature (°C) R, = 2K Ohms, C, = 50pF 
Upper Trace: Input; 33mV/Div. 
Lower Trace: Output; 100mV/Div. 
Horizontal = 100ns/Div. 
Tp = +259C, Vo = +15V 
SUGGESTED 
SLEW RATE AND TRANSIENT SLEW RATE AND OFFSET ZERO 
SETTLING TIME RESPONSE TRANSIENT RESPONSE ADJUST HOOK-UP 
+1.67V P| +200mV [ 
INPUT INPUT 
-1.67V OV 


OVERSHOOT 


l 
| 
. | ERROR BAND 
10% i 4 +10mV FROM 
! 
i 
{ 


FINAL VALUE 
x fey 
’ SOV/AT 14 
SETTLING TIME 


—=—RISE TIME 


NOTE: Measured on both positive and 
negative transitions. 


TYPICAL APPLICATIONS 


COMPENSATION CIRCUIT FOR UNITY GAIN 


Slew Rate ~ 40V/Ls 


Bandwidth ~ 8 MHz 
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HARRIS HA-2060/2065/ 
2060A/2065A 


Wide Band F.E.T. Input Operational Amplifier 


FEATURES DESCRIPTION 


@ GAIN BANDWIDTH PRODUCT 100 MHz The HA-2060/2065 is an operational amplifier combining the 
advantages of very wide bandwidth and high slew rate with 
ultra-low input current and high input resistance. These devices 
are ideal for use in sample-and-hold circuits, active filters, wide 
band amplifiers, high gain amplifiers with superior bandwidth, 
and wherever very low closed loop gain and phase shift errors 
are required. The device may be operated inverting or non- 
inverting; and external compensation is required only when 
operated at closed loon gains less than five. An internal feed- 
back capacitor is provided to cancel phase shift in the feedback 
loop due to input capacitance. 


@ HIGH INPUT IMPEDANCE 1012 OHMS 
@ LOW BIAS CURRENT 1pA 
@ HIGH SLEW RATE 35V/ Us 


@ WIDE POWER BANDWIDTH 600 kHz 


@ TRUE OP AMP - CAN BE OPERATED INVERTING OR 
NON-INVERTING 


The HA-2060 is guaranteed for operation from -55°C to +125°C 


2 MEETS MIL STD eso REGU nEMENIS and the HA-2065 is guaranteed from O°C to +75°C. 


PACKAGE SLEWING WAVEFORM 


CODE 2A Bottom View TO-99 


ALL DIMENSIONS ARE IN INCHES. 


170 500 MIN ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 
“— 040 - ; 


360 ——__-»- 
325 ———+] 


.200 TYP. 


| § LEADS 
; 017 TYPICAL 
SEATING PLANE 


NOTES: 1. All teads gold plated KOVAR 
2. All dimensions in inches 


= 


BANDWIDTH 
CONTROL PIN-OUT 
Top View Horizontal Scale: 200ns/Div. 
Upper Trace: Input; 1.0V/Div. 
Lower Trace: Output; 5.0V/Div. 


Gain= +5, Ry = 2K Ohms, Cy = 50pF 


Case Connected to V+ 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage Between V+ and V- Terminals 35.0V Internal Power Dissipation (Note 10) 300mW 

Differential Input Voltage +12V Operating Temp. Range -55°C < Tp <+125°C = (HA-2060) 

Output Current / Full Short Circuit Protection 0°C < Ty < +75°C (HA-2065) 
Storage Temp. Range | -65°C <Ty < +150°C 


ELECTRICAL CHARACTERISTICS Test Conditions: Vsupply = +15.0V unless otherwise specified. 


HA-2060/HA-2060A ~ HA-2065/HA-2065A 
-55°C to +125°C 0°C to +75°C 
LIMITS _ 
PARAMETER TEMP. |-min. | TYP. | max. | min. | typ. | MAX. | UNITS 


INPUT CHARACTERISTICS 
Offset Voltage (Note 1) 


HA-2060 / HA-2065 mV 
mV 
HA-2060A / HA-2065A mV 
mV 
Bias Current pA 
nA 
Offset Current pA 
nA 
Input Resistance Q 
Input Capacitance pF 
Common Mode Range V 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 2, 5) 150K 80K 150K V/V 
70K V/V 
‘Common Mode Rejection Ratio (Note 3) 90 70 90 dB 
Gain Bandwidth Product (Note 4) 100 100 MHz 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 2) +12 +10 +12 V 
Output Current +18 +10 +18 mA 
Full Power Bandwidth (Note 5) 600 600 kHz 
TRANSIENT RESPONSE 
(NOTES 2, 8, 9) 
Rise Time (Note 6) 50 hi 
Overshoot (Note 6) 25 % 
Slew Rate (Note 5) 35 V/us 
POWER SUPPLY CHARACTERISTICS 
Supply Current +25°C 4.0 6.0 4.0 6.0 mA 
Power Supply Rejection Ratio (Note 7) Full 74 90 70 90 dB 


NOTES: 1. Adjustable to zero with 100K Q pot between pins 6. Vo = +200mvV 
1 and 5; wiper to V+. 7, AV = +5.0V 
2. RL =2K 8. C_ =50 PF 
3. Vom = +5.0V 9. Ay = +5, See transient response test circuits and 
4. Ay >10 waveforms, page 4. 
5. Vo = +10V | 10. Derate by 6.6mW/°C 


above 105°C 
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PERFORMANCE CURVES 


V+=15VDC, V-= 15VDC, T, = 25°C UNLESS OTHERWISE STATED 


INPUT BIAS AND OFFSET CURRENT 
VS. TEMPERATURE 


100 pA 


Current 


Temperature (°C) 


NORMALIZED AC PARAMETERS 
VS. TEMPERATURE 


; BANDWIDTH 
ee Stew —— 
-50 


+25°C 


Normalized Parameter: 
Referred to Values at 


sranmarsnite (°C) 


NORMALIZED AC PARAMETERS 
VS. SUPPLY VOLTAGE AT +25°C 


+15V 


Normalized Parameters 
Referred to Values at 


Supply Voltage 


OPEN LOOP VOLTAGE GAIN 
VS. TEMPERATURE 


Gain - dB 


~ Temperature (°C) 
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Equivalent Input 


Open Loop 
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EQUIVALENT INPUT NOISE 
VS. BANDWIDTH 
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Upper 3dB Frequency 
Lower 3dB Frequency - 10 Hz 


OPEN-LOOP FREQUENCY AND PHASE RESPONSE 
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OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS 


VALUES OF CAPACITORS FROM BANDWIDTH CONTROL 


Open Loop 
Voltage Gain dB 


- Peak-to-Peak 
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PERFORMANCE CURVES (continued} 


POWER SUPPLY CURRENT a 
VS. TEMPERATURE TRANSIENT RESPONSE; Ay=+5 


eae Vsupecy = +15V = 


= aes Cael are ee 
Cameo 


- ZT! 
cele ea! 
50 E 


25 0 +25 +50 +75 +1000 +125 


Temperature (°C) 


R, = 2K Ohms, C, = 5OpF 

Upper Trace: Input; 20mV/Div. 
Lower Trace: Output; 100mV/Div. 
Horizontal = 100ns/Div. 

Tp =+25°C, Vo = +15V 


SLEW RATE AND TRANSIENT SLEW RATE AND SUGGESTED 
SETTLING TIME RESPONSE TRANSIENT RESPONSE OFFSET ZERO 


ADJUST HOOK-UP 
+1.67V +200mV 
INPUT | | INPUT | | 
-1.67V ov 


OVERSHOOT 


~+—-RISE TIME 


NOTE: Measured on both positive and 
negative transitions. 
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OUTPUT 1 ERROR BAND aie ea 
10% i of ; +10mV FROM 
vo --— FINAL VALUE 
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TYPICAL APPLICATIONS 


COMPENSATION CIRCUIT FOR UNITY GAIN 


SLEWRATE % 5Viuls 


BANDWIDTH ~ 10 MHz 
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SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


HA-2111/2211 


Voltage Comparators 


FEATURES PACKAGES 


CODE 2A TO-99 


@ INPUT BIAS CURRENT 60nA 
@ INPUT OFFSET CURRENT AnA 
@ DIFFERENTIALINPUT VOLTAGE = +30.0V 


@ POWER SUPPLY VOLTAGES A SINGLE 
5.0V SUPPLY 
TO +15.0V 


@ OFFSET VOLTAGE NULL 
CAPABILITY 


e STROBE CAPABILITY 


GENERAL DESCRIPTION 


The HA-2111 and HA-2211 are voltage comparators 
which have low input bias currents. They operate over a 
wide range of power supply voltages, from the standard 


+15.0V down to a single 5.0V power supply. A very 
flexible output stage is employed, which is compatible 
with RTL, DTL, TTL and MOS logic circuits. 


SCHEMATIC 


BALANCE/ 


BALANCE — STROBE 


INPUTS 


V- GROUND 


170 ‘500 MIN Bottom View 
i 
‘ 


| 
| 


eg ce 
|-——___ 328 —_—-} 


ALL DIMENSIONS ARE IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


PIN ONE IDENT. 


CODE 1S 


| ~~ 250 | 


Top View 
PIN OUT GROUND OUTPUT 
TO-99 
INPUT BALANCE/ 
Case Connected to V- + STROBE 
INPUT— BALANCE 
TO-116 
NC 1 . 14 NC 
GROUND 2 13 NC 
INPUT + 3 12 NC 
INPUT ~ 4 11 Vt 
NC 5 10 NC 
ve 6 | 9 OUTPUT 
BALANCE 7 = 8 BALANCE/ 
STROBE 


Case Connected to V- 
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LINEAR 


SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


Voltage Between V* and V— Terminals 36.0V 
Output to V— 50.0V 
Ground to V~- 30.0V 
Differential Input Voltage +30.0V 
Input Voltage (Note 1) 3 +15.0V 
Internal Power Dissipation (Note 7) 500mW 
Output Short Circuit Duration | 10 sec. 


Storage Temperature Range —65°C to +150°C 


ELECTRICAL CHARACTERISTICS 


Vt =+15.0 V.D.C. V—- = —15.0 V.D.C. 
HA-2111 HA-2211 
PARAMETER TEMPERATURE | —55°C to +125°C —25°C to +85°C | UNITS 


min} tye | MAX | MIN] TYP | MAX | 


INPUT CHARACTERISTICS 


* Offset Voltage mV 
(Note 2) mV 
* Bias Current is 
nA 
* Offset Current nA 
(Note 2) nA 
Common Mode Range V 
Strobe Current mA 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain +25°C 200K 200K V/V 
Response Time (Note 3) +25°C 200 200 ns 
QUTPUT CHARACTERISTICS 
* Leakage Current 0.2 | 10.0 0.2 | 10.0 nA 
(Note 4) 500 500 nA 
* Saturation Voltage (Note 5) 0.75 1.5 0.75 1.5 V 
(Note 6) 0.23 0.4 0.23 0.4 V 
POWER SUPPLY CHARACTERISTICS | 
* Positive Supply Current +259¢ 5.1 6.0 | 5.1 6.0 mA 
* Negative Supply Current +25°C , 4.1 5.0 4.1 5.0 mA 


NOTES: 1. This rating applies for +15.0V supplies. The positive input voltage limit is 30.0V above the 
negative supply. The negative input voltage is equal to the negative supply voltage or 30.0V 
below the positive supply, whichever is less. 


2. The offset voltages and offset currents given are the maximum values required to drive the 
Output within a volt of either supply with a 1mA load. Thus, these parameters define an 
error band and take into account the worst case effects of voltage gain and input impedance. 

3. 100mV input step; 5mV overdrive. 

4. Vout = 35.0V; Vin = 5mV 

5. louT = 50mA; Vin = —5mV 

6. Isink = 8MA; Vt =4.5V; V—=O0V; Vins =+1.00V; Vin =+1.006V 

7. Derate by 6.6mW/°C above 105°C 

*100% Tested For DASH 8 
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TYPICAL PERFORMANCE CURVES 
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| TYPICAL PERFORMANCE CURVES(continued 


SUPPLY CURRENT SUPPLY CURRENT 


ee Nase ea ee 


LEAKAGE CURRENTS 


Ta = 25°C 


5 Positive Supply — -——= : ee a 
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SEMICONDUCTOR H A 4 3 11 


Voltage Comparator 


FEATURES PACKAGES 


CODE 2A 


170 500 MIN 
' 040 
ES | 


Bottom View 


INPUT BIAS CURRENT 100nA 

INPUT OFFSET CURRENT 6nA 

DIFFERENTIAL INPUT 

VOLTAGE +30.0V 

POWER SUPPLY VOLTAGES A SINGLE +5.0V 
SUPPLY TO +15.0V 

OFFSET VOLTAGE NULL 

CAPABILITY 

STROBE CAPABILITY 


GENERAL DESCRIPTION 


ALL DIMENSIONS ARE IN INCHES. 
ALL DIMENSIONS + .010 UNLESS 


OTHERWISE SHOWN. 
The HA-2311 is a voltage comparator which has low input 
bias currents. It operates over a wide range of power supply 
voltages, from the standard +15.0V down to a single 5.0 V 
power supply. A very flexible output stage is employed 
which is compatible with RTL, DTL, TTL and MOS logic 
circuits. 


PIN ONE IDENT, 


CODE 1S 


—_— 300 ——> 


|-— .250 —_ | 


6, | 


SCHEMATIC 


010 
BALANCE/ + 002 -»|\—— 
BALANCE STROBE 9° — me =< 
NOTES: 1. All leads and base gold plated KOVAR. 
2. All dimensions in inches. 


Top View 
TO-99 OUTPUT 
BALANCE/ 
STROBE 
BALANCE 
Case Connected to V~- 
TO-116 
NC 1 14 NC 
GROUND 2 13 NC 
INPUT+ 3 12 NC 
INPUT- 4 11 Vt 
NC 5 10 NC 
V~ 6 9 OUTPUT 
BALANCE 7 8 BALANCE/ 
STROBE 


Case Connected to V~- 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage Between V+ and V— Terminals 36.0V 
Output to V—- 40.0V 
Ground to V- 30.0V 
Differential Input Voltage +30.0V 
Input Voltage (Note 1) +15.0V 
Internal Power Dissipation : S00mW 
Output Short Circuit Duration 10 sec. 
Storage Temperature Range —65°C to +150°C 
ELECTRICAL CHARACTERISTICS 
Vt = +15.0 V.D.C. — = —15.0 V.D.C. 
HA-2311 
PARAMETER TEMPERATURE 0°C to +75°C UNITS 
Cane [P| WAX] 
INPUT CHARACTERISTICS 
Offset Voltage (Note 2) +25°C mV 
0°C to +75°C mV 
+25°C nA 
Bias Current 0°C to +75°C a 
+25°C nA 
Offset Current (Note 2) 0°C to +75°C a 
Common Mode Range 0°C to +75°C V 
Strobe Current +259C mA 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain +259C 200K V/V 
Response Time (Note 3) +25°C ns 
OUTPUT CHARACTERISTICS _ 
| 0 
Leakage Current (Note 4) mek nn 
Saturation Voltage (Note 5) +259C V 
(Note 6) 0°C to +75°C V 
POWER SUPPLY CHARACTERISTICS ; ke 
Positive Supply Current +25°C 5.1 7.5 mA 
Negative Supply Current +259C 4.1 5.0 mA 


NOTES: 1. This rating applies for +15.0V supplies. The positive input voltage limit is 30.0V above the 
negative supply. The negative input voltage is equal to the negative supply voltage or 30.0V 
below the positive supply, whichever is less. 


2. The offset voltages and offset currents given are the maximum values required to drive the 
output within a volt of either supply with a 1mA load. Thus, these parameters define an 
error band and take into account the worst case effects of voltage gain and input impedance. 


. 100mV input step; S5mV overdrive. 

- Vout = 35.0V; Ving = 10mV 

- lout = 50mA; Ving = —10mV 

- Igink =8MA, V*=4.5V, V7=0.0V, Vin t=+1.0V Viq-=+1.01V 


an ah W 
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TYPICAL PERFORMANCE CURVES 


INPUT VOLTAGE (mV) 


INPUT VOLTAGE (mV) 
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TYPICAL PERFORMANCE CURVES (continued) 


SUPPLY CURRENT SUPPLY CURRENT LEAKAGE CURRENTS 


ewe | TT {ff 
| : a a 
4 
a [oases 
rae a - lee POSITIVE SUPPLY — 
_ POSITIVE AND 


OUTPUT LOW 
NEGATIVE SUPPLY - 
QUTPUT HIGH 
POSITIVE AND 
NEGATIVE SUPPLY — 
OUTPUT HIGH 


ee 
Ee eee a cdl 
0 10 20 30 40 50 60 70 80 
SUPPLY VOLTAGE (V) TEMPERATURE (°C) TEMPERATURE (°C) 


SUPPLY CURRENT (mA) 
LEAKAGE CURRENT (A) 
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APPLICATION INFORMATION 


+5V 


OUTPUT FOR 
OFFSET BALANCING ~~ DTL/TTL LOAD 


+V 


GROUND REFERRED LOAD TTL STROBE 


NOTE: INPUT POLARITIES REVERSED 
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same = HA-2400/2404/2405 


PRAM’ Four Channel 
Programmable Amplifier 


FEATURES 
@ THOUSANDS OF NEW APPLICATIONS ; PROGRAM: @ HIGH SLEW RATE 50V/Ls 


— SIGNAL SELECTION/MULTIPLEXING @ WIDE GAIN BANDWIDTH 40MHz 
: ReCILLAT OR FREQUENCY lial nau eee 
— FILTER CHARACTERISTICS See eee sles 

— ADD-SUBTRACT FUNCTIONS @ HIGH INPUT IMPEDANCE 30MS2 
— INTEGRATOR CHARACTERISTICS @ SINGLE CAPACITOR COMPENSATION 


— COMPARATOR LEVELS 
— ETC., ETC. 


GENERAL DESCRIPTION TRUTH TABLE 


The HA-2400 is an operational amplifier with four identical 
input stages, any one (or none) of which may be electronically 
connected to the single output stage. The “ON” channel is 
selected through DTL/TTL compatible address inputs. The am- 
plifier formed by the output and the selected pair of amplifier 
inputs is a high performance operational amplifier which can 
be operated with suitable feedback networks in any of the 
well known op amp configurations. The device is an extremely 
versatile analog building block. It can be used as an analog 


@ DTL/TTL COMPATIBLE INPUTS 


SELECTED 
CHANNEL 


signal selector, sampler, or multiplexer with built in buffering 
or signal conditioning. By connecting different feedback net- 
works from the output to each input pair, it can be used as a 
single or multiple channel amplifier with programmable feedback 
characteristics. The device is packaged in a hermetic 16 pin 


dual in-line package. The HA-2400 operates over the tempera- ) | 
ture range of -55°C to +125°C, the HA-2404 operates over PACKAGE 
-25°C to +85°C, while the HA-2405 operates over 0°C to 


+759C. 


, TO-99 
FUNCTIONAL DIAGRAM ene 
(> je 


Bottom View 


MIN, 
met Eset 010+ 002 
esas 4 - 002 
200M 
ioe (ome 200 ase a I | | cane 
Pg (ee ire Tat = .120 MIN. 


1OTYP. . 018 .040 
NON-CUMULATIVE 


ALL DIMENSIONS ARE IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


Case Connected to V- 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V— Terminals 45.0V Internal Power Dissipation 300mW 


(Note 13) | 
Differential Input Voltage + VSupply Operating Temperature Range —55°C <Tp <+125°C (HA-2400) 
Digital Input Voltage —0.76V to +10.0V —259C <Ta © +85°C (HA-2404) 


Output Current Short Circuit Protected 0°C < Ta S+75°C (HA- 2405) 
| Storage Temperature Range —65°C < Ta S +150°C 
ELECTRICAL CHARACTERISTICS Test Conditions: Vsupply = +15.0V unless otherwise specified. 
Digital inputs: Vy_ = +0.5V, Vjy =+2.4V 
Limits apply to each of the HA-2400/HA-2404 HA-2405 


ea channels, when addressed. LIMITS LIMITS 


PARAMETER Temp. | min. | typ. | MAX. | MIN. | TYP. | MAX. | UNITS 


INPUT CHARACTERISTICS 


4 mV 
*% 
Offset Voltage mV 
* Bias Current (Note 12) _ = 
nA 
* Offset Current (Note 12) 3 i 
Input Resistance (Note 12) 30 MS2 
Common Mode Range +10.0 V 
TRANSFER CHARACTERISTICS | 
50K 150K V/V 
x : 
Large Signal Voltage Gain (Note 1,5) 25K VV 
* Common Mode Rejection Ratio (Note 2) 74 100 dB 
Gain Bandwidth (Note 3) 40 MHz 
(Note 4) 8 MHz 
QUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) +10.0 | +12.0 V 
Output Current 20 mA 
Full Power Bandwidth (Notes 3, 5) 500 kHz 
(Notes 4,5) 200 kHz 


TRANSIENT RESPONSE 
Rise Time (Notes 4,6) 


Overshoot (Notes 4,6) 


* Slew Rate (Notes 3,7) 
(Notes 4,7) 


Settling Time (Notes 4, 7, 8) 
CHANNEL SELECT CHARACTERISTICS 


— Digital Input Current (Vij = OV) mA 
Digital Input Current (Vjjqy = +5.0V) nA 
Output Delay (Note 9) ns 
Crosstalk (Note 10) -74 dB 
POWER SUPPLY CHARACTERISTICS | 

* Supply Current +259C 4.8 6.0 4.8 6.0 mA 

* Power Supply Rejection Ratio (Note 11) Full 80 90 74 90 | dB 

NOTES: 1. Ry = 2K? 8. To 0.1% of final value 
2. Vem = +5 V.D.C. 9. To 10% of final value; output then slews at normal 
3. Ay = +10, Ccomp = 9, RL = 2KQ2, CL = 50pF rate to final value. 
4. Ay =+1,Ccomp = 15pF, Ry. = 2KQ, Cy = 50pF 10. Unselected input to output; Vix_y = +10 V.D.C. 
5. Vout = 20V peak-to-peak 11. Vgupp = +10V.D.C. to +20V.D.C. 
6. VouT = 400 mV peak-to-peak 12. Unselected channels have approximately the same 
7. VouT = 10.0V peak-to-peak _ input parameters. 


n 13. Derate by 4.3mW/°C above 105°C 
100% Tested For DASH 8 | 
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CHARACTERISTIC CURVES 


V+=15VDC, V-=15VDC, Ta = 25°C UNLESS OTHERWISE STATED. 


INPUT BIAS CURRENT AND OFFSET NORMALIZED A.C. PARAMETERS 
CURRENT AS A FUNCTION OF TEMPERATURE VS. TEMPERATURE 


Current (nA) 


—-§0 -25 +25 La +75 +100 +125 -50 -25 0 +25 +50 +75 +100 +125 


Normalized Value Referred to +25°C 


ee re (°C) Temperature (°C) 


OPEN LOOP FREQUENCY AND PHASE RESPONSE 


co 
= 120 “a 
POWER SUPPLY CURRENT DRAIN ie aiiiiges Seu A net : 
° 20 4 a 
ROE NO LOM OR TEMES BATUAE ae pt Set tl F = 
So 4 i 1 20 = 
— Cnt HRS NN vail Ml seoe'ce 
VSUPPLY © “+ 3 0 al eadcs oe eee Famiitil pine | | 180 8 
= VeureLy= 0 = -201 | ML COTTA m0 
= o. 10 100 1K 100K 100M 
£ ro 
2 rates (Hz) 
fab) 
3 _ FREQUENCY RESPONSE VS. Ccomp 
> [aa 
E = — 
= jong 
(ve) - oS ia 
Oa 
@m 
= 60 a = TSN 
S a iiilimass = ie SAUTE LATIN 
“50-25. 0 +25 +50 +75 +100 +125 2 2 cr i PEERS Bt {| + 
Temperature (°C) = 6 Lt a SS 
= -70L LLM TT Cn ET 
= 10 100 1K 10K 100K 1M 100M 


Frequency (Hz) 


NORMALIZED A.C. PARAMETERS OPEN LOOP VOLTAGE GAIN 
VS. SUPPLY VOLTAGE VS. TEMPERATURE 


VsupPLy = + 
VsuPPLy = + 
Vsuppecy = +10. 


Gain (dB) | 


amie 


Normalized Value Referred to +15.0V 


50-25. 0 +25. +50 +75 +100 +125 
Supply Voltage Temperature (°C) 
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CHARACTERISTC CURVES (continued) 


OUTPUT VOLTAGE SWING VS. FREQUENCY EQUIVALENT INPUT NOISE VS. BANDWIDTH 


am 
ii S 


Ge Geert i a 

ee SS 
BOs. tl See GSE Beets 
Pitty SSH 


Eee ee eT 
Bee 


wort 1 te i 
Tron a PH 


- Output Swing Volts Peak-to-Peak 
Input Noise (lV) 


Frequency (Hz) Upper 3dB Frequency 
Lower 3dB Frequency - 10Hz 
Broadband Noise Characteristics 


TRANSIENT RESPONSE SLEW RATE AND SETTLING SLEW RATE AND TRANSIENT RESPONSE 


+200mV +5.0V 
(NPUT INPUT 
ov -5.0V 


_OVERSHOOT : 
te AV § ERROR BAND 
; 4 | 410mv FROM 
SOV afm mam ss! FINAL VALUE 
we ISLEW H 
Late RATE 
t | AV/AT ¢ 
SETTLING TIME 


; 4 
——4 f= — RISE TIME 
' 
NOTE Measured om both positive and 
negative tran 


TYPICAL APPLICATIONS 
AMPLIFIER, NON-INVERTING PROGRAMMABLE GAIN SAMPLE AND HOLD 


O i . 
DECODE, 
CONTROL 
j DIGITAL 
El CONTROL 
| 


DECODE/ Lc} 
CONTROL S| 


| 
Sample charging rate = ~ V/sec. 11S 150 x 10°F A 


-9 fe) 
e | 1g lp 200 x 10°9 A @ +25°C 
Hold drift rate = on V/sec. 600 x 107 -9 A@ 55°C 


500 Switch pedistal error = = Volts -~3100 x 10° -9 A @ +125°C 
OQ 2x 107'2 Coul. 


= FOR MORE EXAMPLES, SEE HARRIS APPLICATION NOTE 514. 
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Seems Ton HA-2420/2425 


Sample and Hold 
Gated Operational Amplifier 


FEATURES DESCRIPTION 


@ SAMPLE CURRENT/HOLD CURRENT RATIO: The HA-2420/2425 is a monolithic circuit consisting of 
a high performance operational amplifier with its output in 


@ SLEW RATE: series with an ultra-low leakage analog switch and a MOSFET 
input unity gain amplifier. 


@ BANDWIDTH: With an external holding capacitor connected to the switch 

. Output, a. versatile, high performance sample-and-hold or 

@ APERTURE TIME: track-and-hold circuit is formed. When the switch is closed, 

the device behaves as an operational amplifier, and any of the 

@ LOW CHARGE TRANSFER: standard op amp feedback networks may be connected 

around the device to control gain, frequency response, etc. 

@ CONNECT IN ANY OP AMP CONFIGURATION When the switch is opened the output will remain at its last 
level. 


@ ALSO USE AS GATED OP AMP The device’ may also be used as a versatile operational ampli- 


fier with a gated output for applications such as analog 


@ DTL/TTL COMPATIBLE CONTROL INPUT switches, peak holding circuits, etc. 


FUNCTIONAL DIAGRAM PACKAGE | 


CODE 1S 14 LEAD BRAZED D.I.P. 


wee ONE IDENT. Bottom View 


SAMPLE/HOLD 
CONTROL 


GND 


N.C. 


HOLD 
CAP. 


N.C. 


V+ 


—~ .018 + .002 


CASE | 
ALL DIMENSIONS IN INCHES. 


ALL DIMENSIONS + .010 UNLESS OTHERWISE SHOWN. 
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- SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals 40V Internal Power Dissipation 300mW (note 8) 
Differential Input Voltage — +30V Operating Temperature Range 3 
Digital Input Voltage (Pin 14) +8V,-15V HA-2420 -559°C < Ta < +125°C 
Output Current Short Circuit Protected HA-2425 0°CS Ta $+75°C 

. Storage Temperature Range -659C <Ta < +150°C 


ELECTRICAL CHARACTERISTICS 


Test Conditions Vsupply = £15.0V Digital Input (Pin 14) Vyp_ =+0.8V (Sample) 


Unless Otherwise Specified 


Cy = 1000pF Vin = +2.0V (Hold) 
| HA-2420 LIMITS : — HA-2425 LIMITS 
PARAMETER Temp. | MIN. | TYP. | MAX. [ MIN. | TyP. | MAX. [UNITS 


INPUT CHARACTERISTICS 


Offset Voltage mV 
| mV 
*Bias Current nA 
nA 
Offset Current nA 
nA 
Input Resistance MQ 
Common Mode Range V 
TRANSFER CHARACTERISTICS 
* Large Signal Voltage Gain (Note 1, 4) V/V 
* Common Mode Rejection (Note 2) dB 
Gain Bandwidth Product (Note 3) MH2 
OUTPUT CHARACTERISTICS 
* Output Voltage Swing (Note 1) V 
* Output Current mA 
Full Power Bandwidth (Note 3, 4) kHz 
Output Resistance Q2 
TRANSIENT RESPONSE 
Rise Time (Note 3, 5) ns 
Overshoot (Note 3, 5) % 
Slew Rate (Note 3, 6) V/s 
DIGITAL INPUT CHARACTERISTICS 
Digital Input Current (Viy = OV) mA 
Digital Input Current (Vin = +5.0V) HA 
Digital Input Voltage (Low) 
Digital Input Voltage (H igh) V 
SAMPLE/HOLD CHARACTERISTICS 
Acquisition Time (Note 3, 7) ys 
Aperture Time ns 
* Drift Current 5 — «60 pA 
0.5 10 nA 
* Charge Transfer 10 20 pc 
POWER SUPPLY CHARACTERISTICS 
* Supply Current +259C 2.5 5.0 2.5 5.0 mA 
* Power Supply Rejection Ratio Full 80 90 74 90 dB 
NOTES: 1. Ry =2Ki2 5. Vout = 400mV peak-to-peak 8. Derate Power Dissipation by 4.3mW/°C 
2. Vem = +5 V.D.C. 6. Vout = 10.0V peak-to-peak Above +105°C Ambient Temperature. 


3. Ay=+1, Ry =2KQ, C,. = 50pF 7. To 0.1% of final value 
4. Vout = 20V peak-to-peak 
*100% Tested For DASH 8 
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PERFORMANCE CURVES 


VSUPPLY = +15VDC, Ta = +25°C, Cy = 1,000pF UNLESS OTHERWISE SPECIFIED 


TYPICAL SAMPLE-AND-HOLD PERFORMANCE 
AS A FUNCTION OF HOLDING CAPACITANCE 


PEEL TLE) A RCE CEST EET (AU ASAE TMT TREE YI E SRT EIT 
SE CEES SEE REEED Pee T SN, (ETERS ECE RET COIR RE EE SETS 


1,000 


100 


SAMPLE TO HOLD OFFSET ERROR; — 
MILLIVOLTS 


VOpF 100p F 1,000p F 0.01, F 


Cy Value 


DRIFT CURRENT vs TEMPERATURE 
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Temperature, (Degrees C) 


Open Loop Voltage Gain; dB LV RMS 


Open Loop Phase Angle; Degrees 


BROADBAND NOISE CHARACTERISTICS 
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Bandwidth 
(Lower 3db Frequency = 10Hz) 


OPEN LOOP FREQUENCY RESPONSE 
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APPLICATIONS 


BASIC TRACK-AND- HOLD/ 
SAMPLE- AND-HOLD 


CONTROL 


OFFSET TRIM 


Figure 1 


2 


—— 


‘GUARD RING LAYOUT 
(BOTTOM VIEW) 


CONTROL 


Ras 


Cano \ 
Ts) 


OUT 


\Y 


Figure 2 


NOTES: 1) Figure 1 shows a typical unity gain circuit, with offset zeroing. All of the other normal op amp 
feedback configurations may be used with the HA-2420/2425. The input amplifier may be used as 
a gated amplifier by utilizing Pin 11 as the output. This amplifier has excellent drive capabilities 


along with exceptionally low switch leakage. 


The method used to reduce leakage paths on the P.C. board and the device package is shown in 


Figure 2. This guard ring is recommended to minimize the drift during hold characteristic. 


3 


we 


The holding capacitor should have extremely high insulation resistance and low dielectric 


absorption. Polystyrene (below +85°C), Teflon, or Mica types are recommended. 


For more applications, consult Harris Application Note 517. 


GLOSSARY OF TERMS 
AQUISITION TIME: 


The time required by the device after the “sample” com- 
mand to reach its final value within +0.1%. This time 
includes switch delay time, slewing time and settling time. 
This is the minimum sample time required to obtain a given 


accuracy. 


CHARGE TRANSFER: 
The small charge transferred to the holding capacitor from 
the inter-electrode capacitance of the switch when the unit 
is switched to the Hold mode. Sample-to-Hold offset error 
is directly proportional to this charge, where: 

Charge (pC) 


Offset Error (V) = 
Cy(pF) 


Li - 42 


APERTURE TIME: 


The time required after the “hold” command until the 
switch is fully open. This delays the effective sample timing 
with rapidly changing input signals. 


DRIFT CURRENT: 


Leakage currents from the holding capacitor during the 
Hold mode which cause the output voltage to drift. Drift 
rate (droop rate) can be calculated from drift current values 
using the formula: 


I(pA) 
CH(pF) 


~ (Volts/Sec) = 


SetaconeSTOR HA-2500/2502/2505 


High Slew Rate 
Operational Amplifiers 


FEATURES PACKAGES 


HIGH SLEW RATE 30V/ us CODE 2A | TO-99 
FAST SETTLING 330ns es on meee ee 

WIDE POWER BANDWIDTH 500kHz F- cee 

HIGH GAIN BANDWIDTH 12MHz io 


HIGH INPUT IMPEDANCE 100m {2 
LOW OFFSET CURRENT 10nA 


TRUE OP-AMP — CAN BE OPERATED ‘ 
NON-INVERTING OR INVERTING 


MEETS OR EXCEEDS MIL-STD-883 REQUIREMENTS 


GENERAL DESCRIPTION Secs 


An operational amplifier with excellent D.C. characteristics, CODE 9V (METAL BOTTOM) TO-86 
featuring high slew rate and fast settling time. Ideal for use in 
A/D, D/A, and sampled data systems; and for use in wide band § SEATING PLANE 
R.F. or video systems where wide bandwidth at high output 
levels is required. The HA-2500/02/05 is internally compensated. 0 
.250 | D 
1] 
, _' {90 
SCHEMATIC ! | 
wax 
013 REF. 
t 
005 + .002 { 
: ; ALL DIMENSIONS ARE IN INCHES. 
OFFSET R + ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 
B.W. OUTPUT PIN OUT 
O BANDWIDTH CONTROL TO-99 | 
Top View 
or Sar . 
T0O-86 
NC NC 
BANOWIOTH 
CONTROL a 
OFFSET ADJ ouT 
IN- OFFSET ADJ 
IN+ v- 
NC CASE 
NC NC 
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‘SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage Between V+ and V- Terminals 
Differential Input Voltage 

Peak Output Current 

Internal Power Dissipation 


55°C <Ta <+125°C 
0°C <Ty <+75°C 
-659C < Ta <+150°C 


HA-2500/HA-2502 
HA-2505 


Operating Temperature Range — 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS 
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V+ =+15V D.C., V- = -15V D.C. 


PARAMETER 


INPUT 
CHARACTERISTICS 


* Offset Voltage 


TEMP. 


Offset Voltage Average Drift 


* Bias Current 


* Offset Current 


Input Resistance 
Common Mode Range 


TRANSFER 
CHARACTERISTICS 
Large Signal Voltage Gain 
(Note 1,4) 


* 


Common Mode Rejection 
Ratio (Note 2) 


Gain Bandwidth Product 
(Note 3) 


OUTPUT 
CHARACTERISTICS 
Output Voltage Swing 
(Note 1) 

* Output Current (Note 4) 


Full Power Bandwidth 
(Note 4) 


TRANSIENT RESPONSE 
Rise Time (Notes 1,5; 6 & 8) 


Overshoot (Notes 1,5, 7 & 8) 
Slew Rate (Notes 1,4,5 & 8) 


Settling Time to 0.1% 
(Notes 1,4,5 & 8) 


POWER SUPPLY 
CHARACTERISTICS 


* Supply Current +259C 
* Power Supply Rejection Full 
Ratio (Note 9) 
NOTES: 1. R, =2K 

2. Vem = +5-0V 
3. Ay >10 
4. Vo =710.0V 
5. Cy = 50pF 
6. Vo = t400mv 


*100% Tested For DASH 8 


HA-2500 HA-2502 HA-2505 
-55°C to +125°C -55°C to +125°C 0°C to +75°C 


LIMITS LIMITS LIMITS 


2 5 4 4 mV 

8 mV 
20 20 20 UV/°C 

100 200 125 125 nA 

400 nA 

10 25 20 20 nA 

50 | nA 

25 50 20 50 20 50 MS2 

+10.0 +10.0 +10.0 V 
20K 30K 15K 25K 15K 25K V/V 
15K 10K 10K V/V 
80 90 74 90 74 90 dB 
12 12 MHz 

+10.0 | +12.0 ma) 

+ +10 +20 mA 

300 500 kHz 

25 25 ns 

25 25 % 

+20 +30 +20 +30 Vids 

0.33 0.33 Us 

4 6 4 6 4 6 mA 

80 90 74 90 74 90 dB 


7. Vo = t600mvV 

8. See transient response test 
circuits and waveforms page four. 

9. Av=t5.ov 


PERFORMANCE CURVES 


V+ = 15VDC, V- = 15VDC, T, = 25°C UNLESS OTHERWISE STATED 


INPUT BIAS AND OFFSET CURRENT EQUIVALENT INPUT NOISE 
vs TEMPERATURE vs BANDWIDTH 
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NORMALIZED AC PARAMETERS 
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OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS 
NORMALIZED AC PARAMETERS VALUES OF CAPACITORS FROM BANDWIDTH CONTROL 
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PERFORMANCE CURVES (continued) 


POWER SUPPLY CURRENT 
vs TEMPERATURE 


P|} tt te 


VOLTAGE FOLLOWER PULSE RESPONSE 


VsuppeLy = £20.0V 
VsupPLy = +15.0V 
VsuppLy = £10.0V 


Current - mA 


Vertical = 5V/Div. 
Horizontal = 200ns/Div. 
T a= +25°C, Vo = +15.0V 


“50. 225. ~COOS”S*~«SSSC«SC SSO 5 Ry = 2K&2 ,C, = 50pF 
Upper Trace: Input 


- Temperature °C 
peratu Lower Trace: Output 


SLEW RATE AND 
SETTLING TIME 


+5.0V 
INPUT aad 


TRANSIENT RESPONSE SLEW RATE AND 


TRANSIENT RESPONSE 


SUGGESTED 
OFFSET ZERO 
ADJUST HOOK-UP 


-5.0V iN 
+5.0V ——= = OVERSHOOT 1 OUT 
90% ~—oe oa 2KS2 
OUTPUT ! ERROR BAND 90% — eS 5082 SOpF 
10% +10mV FROM 
50v-= | FINAL VALUE cee 
j Late} RATE = = — 
I; | av/at 4 ee f—— RISE TIME = 7 


SETTLING TIME NOTE: Measured on both positive and 


negative transitions. 


DEFINITIONS 


INPUT OFFSET VOLTAGE—That voltage which 
must be applied between the input terminals 
through two equal resistances to force the output 
voltage to zero. 


TRANSIENT RESPONSE—The closed loop step 
function response of the amplifier under small 
signal conditions. 


GAIN BANDWIDTH PRODUCT—The product of 


INPUT OFFSET CURRENT-—The difference in the the gain and the bandwidth at a given gain. 


currents into the two input terminals when the 


output is at zero voltage. | SLEW RATE (Rating Limiting)—The rate at which 


the output will move between full scale stops, 
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INPUT BIAS CURRENT-—The average of the cur- 
rents flowing into the input terminals when the 
Output is at zero voltage. 


INPUT COMMON MODE VOLTAGE-—The average 
referred to ground of the voltages at the two input 
terminals. 


COMMON MODE RANGE-—The range. of voltages 
which is exceeded at either input terminal will 
cause the amplifier to cease operating. 


measured in terms of volts per unit time. This limit 
to an ideal step function response is due to the 
non-linear behavior in an amplifier due to its 
limited ability to produce large, rapid changes in 
Output voltage (slewing)...restricting it to rates of 
change of voltage lower than might be predicted 
by observing the small signal frequency response. 


SETTLING TIME—Time required for output wave- 
form to remain within 0.1 percent of final value. 


perceneSTOR HA-2510/2512/2515 


High Slew Rate 
Operational Amplifiers 


FEATURES PACKAGES 


CODE 2A | TO-99 

HIGH SLEW RATE 60V/us . 
FAST SETTLING 250ns r | ap Bottom View 
WIDE POWER BANDWIDTH 1,000 kHz —— | | 
HIGH GAIN BANDWIDTH 12 MHz ] — : 
HIGH INPUT IMPEDANCE 100m 92 Lig ae KIX 
LOW OFFSET CURRENT 10nA | 3 me 
TRUE OP AMP — CAN BE OPERATED | SS 

NON-INVERTING OR INVERTING Nee 
MEETS OR EXCEEDS MIL-STD-883 REQUIREMENTS a 


TO-86 (METAL BOTTOM) 


SEATING PLANE 
I 


GENERAL DESCRIPTION 


©) 
O 
\S) 
m 
Xe) 
< 


An operational amplifier with excellent D.C. characteristics, 
featuring high slew rate and fast settling time. Ideal for use in 
-A/D, D/A and sampled data systems; and for use in wide band 


R.F. or video systems where wide bandwidth at high output 
levels is required. The HA-2510/12/15 is internally compensated. 


SCHEMATIC ae a 


ALL DIMENSIONS ARE IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


PIN OUT 
TO-99 
oa = OUTPUT BANDWIDTH CONTROL 
aid tie a) Top View 
= eee OFFSET y ae 
o- 
INPUT + 
ee IN- e. ouT 
IN+ Bane ADJ. 
(4) 
V- 
INPUT TO-86 
or oct NC. 1 14. NC. 
B.W.CONTROL 2 13. V+ 
OFFSET ADJ. 3 12. OUT 
iN- 4 11 OFFSET ADJ. 
IN+ 5 10 V- 
N.C. 6 9 CASE 
N.C. 7 8 NC. 
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SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


Voltage Between V* and V~ Terminals  40.0V Peak Output Current 50mA 


Differential Input Voltage +15.0V Internal Power Dissipation 300mW 

Operating Temperature Range Storage Temperature Range -65°C <Ta<t150°C 
HA-2510/HA-2512 —55°C <T p< +125°C 
HA-2515 0°C <T a <+75°C 


ELECTRICAL CHARACTERISTICS 
V+ =+16V 0.C., V-= 15V D.C. 


HA-2510 HA-2512 HA-2515 
-§5°C to +125°C -55°C to +125°C 0°C to +75°C 


| LIMIT LIMIT 
4 | 


INPUT CHARACTERISTICS 


* 5 mV 
Offset Voltage mV 
Offset Voltage Average Drift 20 30 uVv/eC 

* Bias Current 100 125 nA 

nA 

* Offset Current 10 | 20 Le 

nA 
Input Resistance 100 40 100 M82 
Common Mode Range +10.0 V 
TRANSFER CHARACTERISTICS 

* 15K 7.5K 15K V/V 
Large Signal Voltage Gain (Note 1,4) BK VV 

% ‘ : ‘ 

Common Mode Rejection Ratio 90 74 90 dB 
(Note 2) 

Gain Bandwidth Product (Note 3) 12 12 MHz 
OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full +10.0 | +12.0 +10.0 +12.0 V 

* Output Current (Note 4) +25°C | +10 +20 | +10 +20 mA 
Full Power Bandwidth (Note 4) +259¢ 750 1000 600 1000 kHz 
TRANSIENT RESPONSE 
Rise Time (Notes 1, 5, 6 & 8) 25 25 50 ns 
Overshoot (Notes 1,5, 7 & 8) 25 25 50 % 

* Stew Rate (Notes 1, 4, 5 & 8) +50 +65 +40 +60 V/ us 
Settling Time (Notes 1, 4, 5 & 8) 0.25 0.25 Us 
POWER SUPPLY CHARACTERISTICS 

* Supply Current +259C 4 6 4 6 4 6 mA 

* Power Supply Rejection Ratio (Note 9) Full 80 90 74 90 74 90 dB 

NOTES: 1. R, = 2K 7. Vo = t600mvV 
2. Vem = +5.0V 8. See transient response test 
<F Ay >10 circuits and waveforms page four. 
4. Vo =110.0v 9. Av=ts.ov 
5. C, = SOpF 


= + 
6. Vo = t400mv 


*100% Tested For DASH 8 
Li- 48 


Normalized Parameters 


Normalized Parameters 


PERFORMANCE CURVES 


V+ = 15VDC, V- = 15VDC, Ta = 25°C UNLESS OTHERWISE STATED. 


INPUT BIAS AND OFFSET CURRENT 
vs TEMPERATURE 


Current - nA 


Temperature °C 


NORMALIZED AC PARAMETERS 
vs TEMPERATURE 


ae eae 
a Zia a, a 
5 0 +25 +50 +75 +100 +12 


55 ~50 -2 


Referred to Values at 
+259C 


5 


Temperature °C 


NORMALIZED AC PARAMETERS 
vs SUPPLY VOLTAGE 


SLEW RATE 
= 
: La zs BANOWIOTH 
BANOWIT sD 


Referred to Values at 
+15V 


Supply Voltage 


OPEN LOOP VOLTAGE GAIN 
vs TEMPERATURE 


V SUPPLY = +20V 


V SUPPLY = +15V 
V SUPPLY = +10V 


Gain - dB 


Temperature °C 


Open Loop 
Voltage Gain dB 


Open Loop 
Voltage Gain dB 


EQUIVALENT INPUT NOISE 
vs BANDWIDTH 
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OPEN LOOP FREQUENCY AND PHASE RESPONSE 
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OPEN-LOOP FREQUENCY RESPONSE FOR VARIOUS 
VALUES OF CAPACITORS FROM BANDWIDTH 
CONTROL PIN TO GROUND 
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Frequency Hz 


NOTE: External compensation components are not required for 
Stability, but may be added to reduce bandwidth if desired. 


OUTPUT VOLTAGE SWING 
vs FREQUENCY AT +25°C 
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Phase Angle 
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PERFORMANCE CURVES (continued) 


VOLTAGE FOLLOWER PULSE RESPONSE 


POWER SUPPLY CURRENT 
VS 
TEMPERATURE 


V SUPPLY = +20V 


V SUPPLY = +15V 
V SUPPLY = +10V 


basthasihael 
pt Yi Te IN | | 
Pi7Et |} et | IN 
BSeERSEERS 


Vertical = 5V/Div. 
Horizontal = 100n/Div. 
Tp = +25°C, Vo = +15.0V 


Current — mA 


Temperature °C 


Ry, = 2K 02, Cy = 50pF 
Upper Trace: Input 


Lower Trace: Output 


SUGGESTED 
SLEW RATE AND TRANSIENT SLEW RATE AND OFFSET ZERO 
SETTLING TIME RESPONSE TRANSIENT RESPONSE ADJUST HOOK-UP 
+5.0V 
INPUT | | 
INPUT i 
Se ee _ OVERSHOOT 2K.Q <7 
+5.0V Te ) nye Net ine fee 50.0 50pF 
cake | 4 ane cao Oey 
SWS St a FINAL VALUE 10%-— . = = 
| Lat} RATE= | — 1 RISE TIME 


{ | | avwat 
\ SETTLING TIME 


NOTE MEASURED ON BOTH POSITIVE 
AND NEGATIVE TRANSITIONS. 


DEFINITIONS 


INPUT OFFSET VOLTAGE—That voltage which COMMON MODE REJECTION RATIO—The ratio 
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must be applied between the input terminals 
through two equal resistances to force the output 
voltage to zero. 


INPUT OFFSET CURRENT—The difference in the 
currents into the two input terminals when the 
Output is at zero voltage. 


INPUT BIAS CURRENT-—The average of the cur- 
rents flowing into the input terminals when the 
output is at zero voltage. 


INPUT COMMON MODE VOLTAGE-—The average 
referred to ground of the voltages at the two input 
terminals. 


COMMON MODE RANGE -The range of voltages 


which is exceeded at either input terminal will 
cause the amplifier to cease operating. 


of a specified range of input common mode voltage 
to the peak-to-peak change in input offset voltage 
Over this range. 


OUTPUT VOLTAGE SWING—The peak symmetri- 
cal Output voltage swing, referred to ground, that 
can be obtained without clipping. 


INPUT RESISTANCE—The ratio of the change in 
input voltage to the change in input current. 


OUTPUT RESISTANCE-—The ratio of the change 
in Output voltage to the change in output current. 


VOLTAGE GAIN—The ratio of the change in out- 
put voltage to the change in input voltage pro- 
ducing it. 


UNITY GAIN BANDWIDTH—The frequency at 
which the voltage gain of the amplifier is unity. 


HARRIS 
SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


HA-2520/2522/2525 


High Slew Rate 
Operational Amplifiers 


FEATURES 


HIGH SLEW RATE 

FAST SETTLING 

WIDE POWER BANDWIDTH 

HIGH GAIN BANDWIDTH 

HIGH INPUT IMPEDANCE 

LOW OFFSET CURRENT 

TRUE OP AMP — CAN BE OPERATED 
NON-INVERTING OR INVERTING 

MEETS OR EXCEEDS MIL-STD-883 REQUIREMENTS 


GENERAL DESCRIPTION 


An operational amplifier with excellent D.C. characteristics, 
featuring high slew rate and fast settling time. Ideal for use in 
A/D, D/A and sampled data systems; and for use in wide band 


120V/us 
200ns 
2,000 kHz 
20 MHz 
100m 
10nA 


R.F. or video systems where wide bandwidth at high output 
levels is required. The HA-2520/22/25 is stable for closed loop 
gains greater than 3 without external compensation. 


SCHEMATIC 


R17 
1.48 


Ri6 
1.48 


OFFSET 


PACKAGES 


CODE 2A ae 


Bottom View 


NOTES: 1. All leeds goid plated KOVAR 
2. Ali dimensions in inches 


CODE 9V TO-86 (METAL BOTTOM) 


SEATING PLANE 


013 REF. 


006 + 002 f 
ALL DIMENSIONS ARE IN INCHES. 
ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 
BANOWIDTH CONTROL TQ~99 
| | A 
8) Top View 
OFFSET ADJ a 
In- (8) out 
sig J oF FSET ADS 
Ve 
TO-86 
NC NC 
BANOWIOTH 
CONTROL v+ 
OFFSET ADJ ouT 
in- OFFSET ADJ 


Nt 
NC 
wc 


V- 
CASE 
NC 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage Between Vtand V- Terminals 40.0V Peak Output Current | 
Differential Input Voltage +15.0V Internal Power Dissipation 


Operating Temperature Range 


HA-2520/2522 -55°C< Ty <+125°C Storage Temperature Range 


HA-2525 0°C <T a <+75°C 


ELECTRICAL CHARACTERISTICS 


V+ = +15V D.C., V- = -15V D.C. 


HA-2520 
-55°C to + 125°C 
LIMITS 


INPUT CHARACTERISTICS 


* Offset Voltage : 
Offset Voltage Average Drift 20 
* Bias Current 100 
* Offset Current 10 
Input Resistance 50 100 
Common Mode Range +10.0 
TRANSFER CHARACTERISTICS 
* Large Signal Voltage Gain (Note 1,4) ee Oh 
% . . . 
Common Made Rejection Ratio 80 90 


(Note 2) 
Gain Bandwidth Product (Note 3) 


OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) 


* Output Current (Note 4) 


Full Power Bandwidth (Note 4) 


TRANSIENT RESPONSE (Ay =+3) 


Rise Time (Notes 1, 5, 6 & 8) 25 

Overshoot (Notes 1,5, 6 & 8) 25 
* Slew Rate (Notes 1, 4, 5 & 8) +120 

Settling Time (Notes 1, 4, 5 & 8) 0.20 

POWER SUPPLY CHARACTERISTICS 
* Supply Current +259C 4 6 
* Power Supply Rejection Ratio (Note 7) Full 80 90 

NOTES: 1. Ry, = 2K 4. Vo =£10.0V 
3. Ay >10 6. Vo = +200mV 


*100% Tested For DASH 8 
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HA-2522 
-§5°C to +125°C 


PARAMETER TEMP. | MIN. | TYP. | MAX. | MIN. | T 


4 6 
74 90 
7. AV =+5.0V 


50mA 
300mW 


-659°C< Typ <+150°C 


HA-2525 
0°C to +75°C 


74 90 


8. See transient response test 
circuits and waveforms page four. 


PERFORMANCE CURVES 
V+ = 15VDC, V- = 15VDC, T, = 25°C UNLESS OTHERWISE STATED 


Current- nA 


Normalized Parameters 
Referred to Values at 
+25°C 


Normalized Parameters 
Referred to Values at 


Gain - dB 


+ 
+ 


INPUT BIAS AND OFFSET CURRENT 
vs TEMPERATURE 


EQUIVALENT INPUT NOISE 
vs BANDWIDTH 
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NORMALIZED AC PARAMETERS 
vs TEMPERATURE 
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OPEN-LOOP FREQUENCY AND PHASE RESPONSE 
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PERFORMANCE CURVES (continued) 


VOLTAGE FOLLOWER PULSE RESPONSE 
POWER SUPPLY CURRENT 
vs TEMPERATURE 


< 
= 
t 
= 
@ V SUPPLY = +20V 
s V SUPPLY = 15V 
ra) V SUPPLY = £10V 
0 
Temperance Ry = 2K, Cy = 50pF Horizontal = 100ns/Div. 
Upper Trace: Input; 1.33V/Div. Tp =+25°C, Vg = 215V 
Lower Trace: Output; 5V/Div. 
SUGGESTED 
SLEW RATE AND TRANSIENT SLEW RATE AND OFFSET ZERO 
SETTLING TIME RESPONSE TRANSIENT RESPONSE ADJUST HOOK-UP 
+1.67V +200mV 
INPUT | | ill | | 
-1.67V 0V 
+45Vl === 


OVERSHOOT 


OUTPUT 


noe ee gh om ee me | % — 
-syi= =e _ 

1 -AT4+ RATE | siti 

1“ AW/AT i 

SETTLING TIME 


! 
i] 
———{ > RISE TIME 


NOTE Measured on both positive and 
negative transition 


TYPICAL APPLICATIONS 


10K COMPENSATION CIRCUIT FOR INVERTING UNITY GAIN 


Slew Rate ~ 120V/us 
Bandwidth ws 10MHz 


Settling Time ~~ 500ns 
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HARRIS HA-2530/2535 


A DIVISION OF HARRIS CORPORATION 


High Slew Rate, Wideband 
Inverting Amplifier 


FEATURES DESCRIPTION 


@ HIGH SLEW RATE 4320V/ us The HA-2530/2535 is a monolithic wideband inverting am- 
: plifier whose performance characteristics are superior to any 

@ FAST SETTLING TIME 550ns other monolithic in its class. The device uses a feedforward 
amplifier technique to achieve widepower bandwidth and 

® WIDE POWER BANDWIDTH BMHz high slew rate at no expense to noise or DC parameters. It 
is excellent for use in pulse circuits requiring high slew rate 

@ HIGH GAIN BANDWIDTH and fast settling, such as high speed integrators, A/D, D/A 
PRODUCT JOMHz and sampled data systems. Also recommended for many 
video applications where wideband response at high output 


@ LOW OFFSET VOLTAGE 0.8mV current levels are required. For gains less than 10 a small 
capacitor is required for stability. 


@ LOW POWER SUPPLY CURRENT 3.5mA 


PACKAGES SCHEMATIC 
CODE 2A TO-99 


.170 : 
-500 Min. Bottom View 
_ 


: 8 Leads 
.017 Typ. 
Seating Plane 


NOTES: 1. All leads gold plated KOVAR 
2. All dimensions in inches 


dic 


PIN-OUT AND 
TYPICAL HOOK-UP Top View 


NOTE: Case tied to V- 
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SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


~ Voltage Between V+ and V- Terminals 40V Internal Power Dissipation (Note 1) 550mW 


Operating Temperature Range -55°C ST, S+125°C ~=— (HA-2530) 
Peak Output Current +100mA 0°C ST, <+75°C (HA-2535) 
Storage Temperature Range -659C ST, $+150°C 


ELECTRICAL CHARACTERISTICS 


Test Conditions: Vsupply = +15.0V Unless Otherwise Specified. 


HA-2530 HA-2535 
-55°C to +125°C 0°C to +75°C 


LIMITS LIMITS 


PARAMETER TEMP.| miN.| TYP. | MAX. | MIN.] TYP. | MAX.| UNITS 


INPUT CHARACTERISTICS 
* Offset Voltage +25°C mV 
Full 3 mV 


Average Offset Voltage Drift eee yuV/°C 


* Bias Current +259C nA 
Full nA 
* Offset Current +259C nA 
Full 20 nA 


TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Notes 2,5) +25°C 2x108 2x108 V/V 
si Full V/V 
summa fae tea | fo te 
Ratio (Note 3) Full | dB 
Gain Bandwidth Product (Note 4) 425°C | Ppa oe MHz 
OUTPUT CHARACTERISTICS 
* Output Voltage Swing (Note 2) saatet delet V 
* Output Current (Note 5) Seep poet mA 


Full Power Bandwidth (Note 5) | 426°C | 4 MHz 


TRANSIENT RESPONSE TRANSIENT RESPONSE (NOTES 6&7) ee 
* Rise Time +25°9C ns 


Settling Time 425°C | ns 
POWER SUPPLY CHARACTERISTICS SUPPLY CHARACTERISTICS 
* Supply Current +259C 3.5 mA 
* Power Supply Rejection Ratio, (Note 8) Full dB 
NOTES: 1. Derate at 5.5mW/°C for Operation 5. Vo = +10V 
Ambient Temperature Above 105°C 6. C, = 50pF 

2. Ry, = 2K 7. See Transient Response Test Circuit 

3. Vem = +5 ov and Wave Forms, Page 4. 

4. Ay >10 8. AV =+5.0V 


*400% Tested For DASH 8 
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PERFORMANCE CURVES 


V+ = 15VDC, V- = 15VDC, Ta = 259°C UNLESS OTHERWISE STATED 


INPUT BIAS AND OFFSET CURRENT EQUIVALENT INPUT NOISE 
vs. TEMPERATURE vs. BANDWIDTH 
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NORMALIZED AC PARAMETERS 
° vs. TEMPERATURE OPEN-LOOP FREQUENCY AND PHASE RESPONSE 


160 
BANDWIDTH 
a | 
“ZA —_ LEW RATE 
ae 


Open Loop 
Voltage Gain dB 


to Values at +25°C 
Phase Angle 


Normalized Parameters Referred 


+250 +§0° +759 +100° +1250 
connate 0¢ 


NORMALIZED AC PARAMETERS 
vs. SUPPLY VOLTAGE AT +25°C 


Normalized Parameters Referred 
to Values at +15V 
Current - mA 


Temperature °C 


OUTPUT VOLTAGE SWING 
vs. FREQUENCY AT +25°C 


rae Oe Om 
Vsuppcy = $20V anaes es TT | 
pe le ere ete 


Peak-to-Peak 
Voltage Swing 


” Frequency Hz 
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PERFORMANCE CURVES (continued) 


SETTLING TIME MEASUREMENT *1 UNITY GAIN PULSE RESPONSE 


TMV ELLE TTTIITillLl 
CAME LLL Semen Sen 
aN x a an 


PINT ey TT 


VERTICAL = 5mV/DIV. UPPER TRACE: INPUT VERTICAL  =5V/DIV. 
HORIZONTAL = 100ns/DIV. LOWER TRACE: OUTPUT HORIZONTAL =50ns/DIV. 
Tp = +25°C, Vo = +15V Ty = +25°C, Vo = 415V 


SLEW RATE/SETTLING TIME/TRANSIENT RESPONSE TEST CIRCUIT 


*1VeE 


*1 Settling time (Tg) is measured using a high speed high 
recovery oscilloscope to display the error voltage Ve. 
When Vg is within +5mV of final value the output Vo 
will be within +10mV (0.1%). 


72 S, closed for settling time. 


SLEW RATE 
+4.5V 


5MHz VIDEO AMPLIFIER (Ay = 10) 
INPUT | | 
-4.5V , 
+5V on cas 
ota 5+ ail, SPE f enon na 
av-evf , SLEW AV* FINAL VALUE 
-4.5V | RATE AT -5V 


—>| fae 
at TRANSIENT RESPONSE 


OV 
ai a 
OVERSHOOT. _ 


* MEASURED ON BOTH POSITIVE 
AND NEGATIVE EXCURSIONS. 


@— RISE TIME* 
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Eebaconoucton HA-2600/2602/2605 


A DIVISION OF HARMS CORPORATION 


High Impedance 
Operational Amplifier 


| FEATURES PACKAGES 


TO-99 


HIGH INPUT IMPEDANCE 

LOW INPUT BIAS CURRENT 

LOW INPUT OFFSET CURRENT 

LOW INPUT OFFSET VOLTAGE 

HIGH GAIN 

HIGH SLEW RATE 

FAST RESPONSE TIME 

OUTPUT SHORT CIRCUIT PROTECTION 

MEETS OR EXCEEDS MIL-STD-883 REQUIREMENTS 


GENERAL DESCRIPTION 


Internally compensated high impedance, high performance 
monolithic operational amplifier intended for use as a gen 
eral purpose operational amplifier in precision instru- 
mentation and signal processing. 


Bottom View 


NOTES: 1. All leads gold plated KOVAR 
2. Ail dimensions in inches 


CODE 9W TO-91 


SEATING PLANE 
100 TYP. 


016 + .002 
a 


}-— 260 ——a |e 250 
+.020 


nnn TE MUN an 


.085 wax —| | 


013 REF. 


SCHEMATIC 


ALL DIMENSIONS ARE IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


BANDWIDTH 
CONTROL 


OFFSET aoe z 600 : PIN OUT T0-99 


Top View 


BANDWIDTH CONTROL 


Case Connected to V- 


NC 1@ 10 NC 
OFFSET ADJUST 2 9 BANOWIOTH 
IN 8 vt 
int 
TO-91 7 OUTPUT 
v- 5 é OFFSET ADJUST 


Case Connected to V- 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage Between Vt and V— Terminals 45.0V 


Differential Input Voltage +12.0V 
Peak Output Current Full Short Circuit Protection 
Internal Power Dissipation _ 300mW 
Operating Temperature Range — HA-2600/HA-2602 —§59C < Ta <+125°C 
| HA-2605 0° <Ty <+75°C 
Storage Temperature Range —659C < Ta <+150°C 
ELECTRICAL CHARACTERISTICS V+=+15VDC, V- = -15VDC 
HA-2600 HA-2602 HA-2605 
—55°C to +125°C —§59C to +125°C 0°C to +75°C 
LIMITS LIMITS LIMITS 
PARAMETER Temp, ff min. | tye. | max. f min. | typ. | max. | min, | Tye. UNITS 
INPUT CHARACTERISTICS | 
* 0.5 : mV 
Offset Voltage mV 
Offset Voltage Average Drift Uv/°C 
# p: nA 
Bias Current oh 
* Offset Current ve 
nA 
input Resistance MS 
Common Mode Range V 
TRANSFER CHARACTERISTICS 
* Large Signal Voltage Gain (Notes 1, 4) Wi 
* Common Mode Rejection Ratio 
(Note 2) dB 
Unity Gain Bandwidth (Note 3) MHz 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) V 
* Output Current (Note 4) mA 
Full Power Bandwidth (Note 4) kHz 
TRANSIENT RESPONSE 
Rise Time (Notes 1, 5, 6 & 8) ns 
Overshoot (Notes 1, 5, 7 & 8) % 
* Stew Rate (Notes 1, 4, 5 & 8) Vis 
Settling Time (Notes 1, 4, 5 & 8) Ls 
POWER SUPPLY CHARACTERISTICS 
* Supply Current +259C 3.0 3.7 3.0 4.0 3.0 4.0 mA 
* Power Supply Rejection Ratio)(Note9){ Full 80 90 74 90 74 90 | dB 


TEST CONDITIONS 


NOTES: 1. R, =2K 7. Vo = 400mv 
2. V Mo *5.0V 8. See Transient response test circuits 
3. VoQ<90mvV and waveforms page three. 
4. Vo =110V 9. Vg = t9.0V to t15V 
5. Cy = 100pF 
6. Vo =2200mvV 


*100% Tested For DASH 8 
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PERFORMANCE CURVES 


V+ = 15VDC, V- = 15VDC, T, = 25°C UNLESS OTHERWISE STATED. 


CURRENT nA 
EQUIVALENT INPUT NOISE «V 


si 
-50 -25 0 +25 +50) #75) +100 +125 100Hz 
TEMPERATURE °C 


INPUT BIAS CURRENT AND OFFSET CURRENT 
AS A FUNCTION OF TEMPERATURE 


20V 
10V 
[Va) 
iS 
(o) 
> 
+] 
2 WV 
= 
= 2) 
= 
3 0.1v 
- 
3S 
Qa. 
0.01V 
Oss 35 S505 MGB BS FS 125 10KHz 


TEMPERATURE °C 
INPUT IMPEDANCE VS. TEMPERATURE, 100Hz 


EQUIVALENT (NPUT NOISE VS. 
BANDWIDTH 10 
feeiel 


A 


120 


OPEN LOOP VOLTAGE GAIN dB 
PHASE ANGLE 


-20 


1kHz 10kHz 100kHz IMHz LOMHz 10Hz 100Hz kHz LOKHz 100kHz 1MHz 10MHz 100MHz 
OPEN LOOP FREQUENCY AND PHASE RESPONSE 


UPPER 3dB FREQUENCY 
LOWER 3dB FREQUENCY - 10Hz 
BROADBAND NOISE CHARACTERISTICS 


OPEN LOOP VOLTAGE GAIN dB 


20 


1OHz =100Hz_)=LkHz ~—s10kHz »=—(00kHz Ss IMHz_~—sLOMHz 


H 
100kHz MHz 1OMHz LOOMHz FREQUENCY Hz 


H 
PREQUENGY: TE OPEN-LOOP FREQUENCY RESPONSE FOR VARIOUS VALUES OF 
OUTPUT VOLTAGE SWING VS. FREQUENCY CAPACITORS FROM BANDWIDTH CONTROL PIN TO GROUND 


Note: External Compensation Components are not Required 

for Stability, But May be Added to Reduce Bandwidth if Desired. 
If External Compensation is Used, Also Connect 100pF Capacitor 
From Output to Ground. 


SUPPLY VOLTAGE - VOLTS TEMPERATURE °C 
COMMON MODE VOLTAGE RANGE OPEN-LOOP VOLTAGE GAIN VS. TEMPERATURE 
AS A FUNCTION OF SUPPLY VOLTAGE 
TRANSIENT SLEW RATE AND SLEW RATE AND SUGGESTED 
RESPONSE SETTLING TIME TRANSIENT OFFSET 


RESPONSE ZERO ADJUST 


+5V 
INPUT | | INPUT | | | HOOK-UP 
-5V 


——— OVERSHOOT. sis ‘iV=aa= 
é = 9 
90% —— 
OUTPUT 
output /| 4 a ! 
aE SEW | 
| Pleayel RATE 
az be-RISE TIME a ee sae 
ee | 


{ 
SETTLING TIME 


NOTE: MEASURED ON BOTH POSITIVE 
AND NEGATIVE TRANSITIONS. 


OUT 
502 
ERROR BAND 2k2 100pF 
+ 10mV FROM 
FINAL VALUE 


TYPICAL APPLICATIONS 


PHOTO-CURRENT TO VOLTAGE CONVERTER 


5pF 


SILICON 
PHOTO DIODE 


 Vo= -R Ilp + Ip) 


+ FEATURES: 
1. CONSTANT CELL VOLTAGE 
— 2. MINIMUM BIAS CURRENT ERROR 


SAMPLE — AND — HOLD 


+5V +16V 


HS-1000 
MULTIPLEXER 


SOpF * 
DIGITAL CONTROL 
pias IFC. = 1000pF - 15V io 
DRIFTRATE t= = ORIFT = 01 V'ms MAX. 


REFERENCE VOLTAGE AMPLIFIER 


FEATURES: 
1. MINIMUM BIAS CURRENT IN REFERENCE CELL 
2. SHORT-CIRCUIT PROTECTION 


VOLTAGE FOLLOWER 


+15V0 


1.000 GAIN 0.9999 SLEW RATE = 4V/ 1s MIN. 
Zin? 1012) MIN. 8. W. = 12MHz TYP, 
Zout = 01 MAX. OUTPUT SWING = + 10V MIN. TO 50kHz 


*A small load capacitance is recommended in all applications where 
practical to prevent possible high frequency oscillations resulting 
from external wiring parasitics. Capacitance up to 100pF has 


negligible effect on the bandwidth or slew rate. 
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DEFINITIONS 


INPUT OFFSET VOLTAGE - That voltage which must be 
applied between the input terminals through two equal 
resistances to force the output voltage to zero. 


INPUT OFFSET CURRENT - The difference in the cur- 
rents into the two input terminals when the output is at 
zero voltage. 


INPUT BIAS CURRENT — The average of the currents 
flowing into the input terminals when the output is at zero 
voltage. 


INPUT COMMON MODE VOLTAGE — The average 
referred to ground of the voltages at the two input termi- 
nals. 


COMMON MODE RANGE -- The range of voltages which is 
exceeded at either input terminal will cause the amplifier to 
cease operating. 


COMMON MODE REJECTION RATIO — The ratio of a 
specified range of input common mode voltage to the 
peak-to-peak change in input offset voltage over this range. 


OUTPUT VOLTAGE SWING - The peak symmetrical out- 
put voltage swing, referred to ground, that can be obtained 
without clipping. 


INPUT RESISTANCE — The ratio of the change in input 
voltage to the change in input current. 


OUTPUT RESISTANCE — The ratio of the change in out- 
put voltage to the change in output current. 


VOLTAGE GAIN — The ratio of the change in output 
voltage to the change in input voltage producing it. 


BANDWIDTH - The frequency at which the voltage gain is 
3 dB below its low frequency value. 


UNITY GAIN BANDWIDTH .- The frequency at which the 
voltage gain of the amplifier is unity. 


POWER SUPPLY REJECTION RATIO — The ratio of the 
change in input offset voltage to the change in power sup- 
ply voltage producing it. 


TRANSIENT RESPONSE - The closed loop step function 
response of the amplifier under small signal conditions. 


PHASE MARGIN -~- (180° - (®, - Ho)) where ®, is the 
phase shift at the frequency where the absolute magnitude 
of gain is unity o> is the phase shift at a frequency much 
lower than the open-loop bandwidth. 


SLEW RATE (Rate Limiting) — The rate at which the out- 
put will move between full scale stops, measured in terms 
of volts per unit time. This limit to an ideal step function 
response is due to the non-linear behavior in an amplifier 
due to its limited ability to produce large, rapid changes in 
output voltage (slewing) . . . restricting it to rates of change 
of voltage lower than might be predicted by observing the 
small signal frequency response. 


SETTLING TIME —- Time required for output waveform to 
remain within 0.1 percent of fina! value. 


Saucounucron HA-2620/2622/2625 


Wide Band, High Impedance 
Operational Amplifiers 


FEATURES PACKAGES 


@ GAIN BANDWIDTH PRODUCT 100MHz 
@ HIGH INPUT IMPEDANCE 500M 22 
@ LOW INPUT BIAS CURRENT 1nA 

@ LOW INPUT OFFSET CURRENT inA 

@ LOW INPUT OFFSET VOLTAGE ImV 

@ HIGH GAIN 150K 

@ HIGH SLEW RATE 35V/us 
@ OUTPUT SHORT CIRCUIT PROTECTION 


-200 TYP. 


8 LEADS 
.017 TYPICAL 


SEATING PLANE 


GENERAL DESCRIPTION — 


The HA-2620 family of operational amplifiers has very low 
input bias current and intended for use as high impedance 
comparators and wide band amplifiers. The HA-2620 family 
features very high gain, very high slew rate and output short 
circuit protection. The HA-2620 and HA-2622 operate over 
the full military temperature range from -55°C to +125°C. 
The HA-2625 operates over the temperature range of O°C to 
+75°C. 


—— 300 ——— 


[250 | 


—~~— 018 + 002 


ALL DIMENSIONS ARE IN INCHES. 
ALL DIMENSIONS + .010 UNLESS 


SC OTHERWISE SHOWN. 
HEMATIC ——— 
PIN OUT 
BANDWIDTH CONTROL 
eS D¢ TO-99 OFFSET ADJ. V+ 
= El a 
Q60 
IN OUT 
KN J TES 
IN+ OFFSET ADJ. 
Case Connected to V- y_ 
TO-116 
BANDWIDTH 
NC 1 14 CONTROL 
NC 2 13 NC 
OFFSET NULL 3 12 NC 
INVERTING INPUT 4 11 V+ 
NON-INVERTING: , 
INPUT 10 OUTPUT 
V- 6 9 OFFSET NULL 
NC 7 8 NC 


Case Connected to V-_ 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


- Voltage Between V+ and V—- Terminals 45.0V 
Differential Input Voltage +12.0V 
Peak Output Current Full Short Circuit Protection 
Internal Power Dissipation 300mW 
Storage Temperature Range —65°C < Ta < +150°C 


ELECTRICAL CHARACTERISTICS 


(Notes 2 & 3) 


* Common Mode Rejection Ratio 
(Note 4) 


V+=+15VDC, V—-=—15 VDC HA-2620 HA-2622 HA-2625 
—§59C to+1259C. -§5°C to +125°C 3 =: 0°C. to +759 
PARAMETER TEMPERATURE | MIN.| TYP.) MAXJMIN. IT TYP. 1MAXI MIN. | TYP. IMAX.TUNITS 
INPUT CHARACTERISTICS | 
* +259C 0.5 4 5 mV 
Offset Voltage (Note 1) Full 6 7 mV 
Pate +259C 1 15 25 nA 
Bias Current Full 10 | 35 60 nA 
* +259¢ 1 15 25 nA 
Offset Current Full 5 36 60 nA 
Input Resistance +259C 65 | 500 40 40 MQ 
Common Mode Range Full +11.0 +11.0 +11.0 V 
TRANSFER CHARACTERISTICS | 
* Large Signal Voltage Gain 80K 
74 


Gain Bandwidth Product 
(Notes 2, 5, &6) 


100K | 150K 

70K 

80 | 100 
100 


| +10.0}+12.0 


80K | 150K 

60K 

74 | 100 
100 


150K | V/V 
70K V/V 

100 dB 

100 MHz 


+12. +10.0 |+12.0 V 
au + +18 mA 
600 kHz 


OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 2) 


* Output Current (Note 3) 


Full Power Bandwidth 
(Notes 2,3 & 7) 


TRANSIENT RESPONSE 
Rise Time (Notes 2, 5, 7 & 8) +259C | 17 7 17 ns 
* Slew Rate (Notes 2, 7,8 & 10) +25°C +25 | +35 + 20 | +35 +20} +35 | V/Us 
POWER SUPPLY : 
CHARACTERISTICS 
* Supply Current +25°C 3.0 | 3.7 3.0 | 4.0 3.0 | 4.0 mA 
* Power Supply Rejection Ratio | 
(Note 9) Full 80 | 90 74 | 90 1 74 | 90 dB 
NOTES: 1. Offset may be externally adjusted to zero. 7. See transient response test. circuits and waveforms page 3. 
2. RE = 2KQ, Cy, = 50pF 8. Ay =5.0V (The HA-2620 family is not stable at unity 
3. Vo = +10.0V © gain without external compensation.) 
4. Vom = +5.0V 9. Vsup = +9.0V to +15.0V 
5. Vo <90mV 10. Vo =5.0V 
6. 40dB Gain 


*100% Tested For DASH 8 
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TYPICAL PERFORMANCE CURVES 


V+ = 15VDC, V- = 15VDC, un = 25°C UNLESS OTHERWISE STATED. 
| EQUIVALENT INPUT NOISE VS. 
BANDWIDTH 
[ae] 
> ao) 
a = 
tad < 
< 2 2 = 
ec 2° Po) ro) 
za <x =z 
2 5 = Sa = 
eS 3 4 =~: 2) 
3 : = 
5 = 
> & 
=) o 
ref 
zs bs | 
-50 5 0 +25 is +75 +100+125 100Hz =I kHz 10kHz 100kHz IMHz 10MHz 10Hz 100HZz kHz 10kHz 100kHz MHz lOMHz 100MHz 
TEMPERATURE "C UPPER 348 FREQUENCY OPEN LOOP FREQUENCY AND PHASE RESPONSE 
INPUT BIAS CURRENT AND OFFSET CURRENT. LOWER 3dB FREQUENCY - 10Hz 
AS A FUNCTION OF TEMPERATURE BROADBAND NOISE CHARACTERISTICS 120 
Ps 100 
= 
20V = 8 
oO 
bad 
gi a 
ro) a 
fo) 
fe ra 40 
(<) 
2 2 Sn 
5 a ra 
9S we) o 
= = Co 0 
S 0.1V » 
< 1OHz =100H2 =1kHz = 10kHz)—sWOkHZ = IMHz_—sL0MHz 
a. FREQUENCY Hz 
0 0.01V OPEN-LOOP FREQUENCY RESPONSE FOR VARIOUS VALUES OF 
5 -35 -15 +5 +25 +45 +65 +85 +105 +125 "10kHz 100kHz 1MHz L0MHz LOOMHz CAPACITORS FROM BANDWIDTH CONTROL PIN TO GROUND 


TEMPERATURE °C 
INPUT IMPEDANCE VS. TEMPERATURE, 100Hz 


COMMON MODE RANGE +V 


SUPPLY VOLTAGE - VOLTS 


COMMON MODE VOLTAGE RANGE 
AS A FUNCTION OF SUPPLY VOLTAGE 


TRANSIENT RESPONSE 
SLEW RATE 


500mV et aa RE ea eae as 
90% . _ 
OuTPUT AB a ee 
ee ta | x2%- - - 
|~=—-RISE TIME a. 
i ! 10%. a a es 
ov- ) 1 
NOTE: MEASURED ON BOTH POSITIVE Vb -d Tam! SLEW RATE 
AND NEGATIVE TRANSISTIONS. law oe 
t 


OUTPUT VOLTAGE SWING VS. FREQUENCY 


FREQUENCY Hz Note: External Compensation is Required For 


Closed Loop Gain <5. If External Compen- 
sation is Used, Also Connect 100 pF Capacitor 
From Output to Ground. 


TEMPERATURE °C 
OPEN-LOOP VOLTAGE GAIN VS. TEMPERATURE 


SUGGESTED OFFSET ZERO 


oo Pere ia ADJUST AND BANDWIDTH 
CONTROL HOOK-UP 
+V 


O OUT 


4002 
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TYPICAL APPLICATIONS 


HIGH IMPEDANCE COMPARATOR 


+15.0V 


FUNCTION GENERATOR 


HA-2600 


eee ae 0.01 UF 
TR + Ape “~ OUTPUT 


VIDEO AMPLIFIER 


— *A small load capacitance of at least 30pF 
(including stray capacitance) is recommended 


BW = 1 MHz 
GAIN = 40dB to prevent possible high frequency oscillations. 
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DEFINITIONS 


INPUT OFFSET VOLTAGE-—That voltage which 
must be applied between the input terminals 
through two equal resistances to force the output 
voltage to zero. 


INPUT OFFSET CURRENT—The difference in the 
currents into the two input terminals when the 
output is at zero voltage. 


INPUT BIAS CURRENT-—The average of the cur- 
rents flowing into the input terminals when the 
output Is at zero voltage. 


INPUT COMMON MODE VOLTAGE—The average 
referred to ground of the voltages at the two input 
terminals. 


COMMON MODE RANGE-—The range of voltages 
which is exceeded at either input terminal will 
cause the amplifier to cease operating. 


COMMON MODE REJECTION RATIO—The ratio 
of a specified range of input common mode voltage 
to the peak-to-peak change in input offset voltage 
over this range. 


OUTPUT VOLTAGE SWING—The peak symmetri- 
cal output voltage swing, referred to ground, that 
can be obtained without clipping. 


INPUT RESISTANCE—The ratio of the change in 
input voltage to the change in input current. 


OUTPUT RESISTANCE—The ratio of the change 
in output voltage to the change in output current. 


VOLTAGE GAIN—The ratio of the change in out- 
put voltage to the change in input voltage pro- 
ducing it. 


UNITY GAIN BANDWIDTH—The frequency at 
which the voltage gain of the amplifier is unity. 


POWER SUPPLY REJECTION RATIO-—The ratio 
of the change in input offset voltage to the change 
in power supply voltage producing it. 


TRANSIENT RESPONSE—The closed loop step 
function response of the amplifier under small 
signal condittons. 


GAIN BANDWIDTH PRODUCT-—The product of 
the gain and the bandwidth at a given gain. 


SLEW RATE (Rate Limiting)—The rate at which 
the output will move between full scale stops, 
measured in terms of volts per unit time. This limit 
to an ideal step function response is due to the 
non-linear behavior in an amplifier due to its 
limited ability to produce large, rapid changes in 
Output voltage (slewing)...restricting it to rates of 
change of voltage lower than might be predicted 
by observing the small signal frequency response. 


mi HA-2630/2635 


High Performance Current Booster 


FEATURES DESCRIPTION 


OUTPUT CURRENT +600mA The HA-2630/2635 is a unity voltage gain, current amplifier 
intended to be used in series with an operational amplifier, 
SLEW RATE 500V/ us inside the feedback loop, wherever additional output current 
capability is required. Wide bandwidth and exceptionally 
BANDWIDTH 8MHz high slew rate allow it to be used with high performance op 
FULL POWER BANDWIDTH SMHz amps without producing instability or signal distortion. 
Current delivered to the load may be limited to a predeter- 
INPUT RESISTANCE 2.0 X 108: mined level by choice of two optional external limiting resis- 
tors. This device is packaged in an electrically isolated TO-8 
OUTPUT RESISTANCE 2.082 type can allowing it to be conveniently mounted with or 
POWER SUPPLY RANGE +570 +20V without a heat sink. The HA-2630 has guaranteed operation 
: over -55°C to +125°C, while the HA-2635 is guaranteed 
PACKAGE IS ELECTRICALLY over 0°C to +75°C. 
ISOLATED 


SCHEMATIC DIAGRAM PACKAGE 


CODE 2G_ 10-8 


IN +LiMIT OUT 
O 0 0 


al |=—.270 


‘ 
l 
{ 
| 
020 -~ a 


—<— 530 + .030-— Bottom View 


ALL DIMENSIONS ARE IN INCHES 


ALL DIMENSIONS * .010 UNLESS 
OTHERWISE SHOWN. 


PIN OUT 
a Top View 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage Between V+ and V- Terminals 
Input Voltage Range 


A0V 
—+V Supply 
+700mA 


1W 
4W 


Output Current (Note 2) 


Internal Power Dissipation (Note 6) Free Air: 
In Heat Sink: 


ELECTRICAL CHARACTERISTICS 


Operating Temperature Range: 
-559C < Ta < +125°C 
0°C < Ta S +75°C 
Storage Temperature Range: 
-659C < Ta < +150°C 


(HA-2630) 
(HA-2635) 


Vsupply = £15 Volts. R_ = 50 Ohms R1=R2=0O0hms Unless otherwise specified. 
HA-2630 HA-2635 
-55°C to +125°C 0°C to +75°C 
INPUT CHARACTERISTICS 
* Bias Current 30 150 UA 
200 UA 
Input Resistance 2.0 Mo2 
Input Capacitance 5.0 pF 
TRANSFER CHARACTERISTICS 
Voltage Gain (Note 1) 95 95 V/V 
“Offset Voltage (VguT - VIN) 70 +200 70 +200 | mV 
| +300 +300 mV 
Bandwidth (-3dB) 8.0 MHz 
OUTPUT CHARACTERISTICS 
* Output Voltage Swing +10 V 
* Output Current (Note 1) +400 | +600 mA 
+300 mA 
Output Resistance : 2.0 Q 
Full Power Bandwidth (Note 1) 8.0 MHz 
TRANSIENT RESPONSE 
Rise Time (Note 3) +25°C ns 
Slew Rate (Note 4) +259C 200 V/us 
POWER SUPPLY CHARACTERISTICS 
* Supply Current Full 20 23 mA 
Supply Voltage Range Full +5 +20 +5 +20 V 
Power Supply Rejection Ratio (Note 5) Full dB 


NOTES: 1. Vo = +10V 

2. Heat sink is required for continuous short circuit 
protection, regardless of current Jimit setting. 

3. Vo = 0.4V p-p. 

4. Vo = 10V p-p.. 


*100% Tested For DASH 8 
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5. AVsuppLy = +5V. 

6. Without heat sink, derate by 14mW/°C ambient 
temperature above 100°C ambient, with heat 
sink, derate by 67mMW/°C case temperature above 
115°C case. 


PERFORMANCE CURVES 


V+= 15VDC, V- = 15VDC, Ta = 25°C UNLESS OTHERWISE STATED 


OUTPUT SWING OPEN LOOP FREQUENCY AND 
(Remit = 09) PHASE RESPONSE (Ry = 5082, Cy +10pf) 


PTI UT 
HIN 


¥ 90 

S 3 mast, 2 
= = : 135 # 
na < =] 
2 & ll } 
53 a 0 BSll) eee ee ee See = 
2 8 
a 

z i é 
ro] © -10 225 


100K ™ 
Supply Voltage (¢ Volts) Frequency, Hz - 
NORMALIZED AC PARAMETERS vs. NORMALIZED AC PARAMETERS vs. 
TEMPERATURE (R, = 502) SUPPLY VOLTAGE (R, = 5002) 


as 
x 
i 
a 


Normalized Vatue Referred to +25°C (Ry = 50°?) 
Normalized Value Referred to +15 Volts 


Temperature, (°C) 


Supply Voltage, (Volts) 


OUTPUT CURRENT LIMITING vs. 
LIMITING RESISTANCE 


OUTPUT CURRENT CHARACTERISTIC 


mm mamanie 00000 mmm EE Se <p ge 
a 00000 ee 

Balill 75 y 

pears TUT AL epee J 
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GR WSs 500 Ae TT] 


R1= 2.52 
100 «150 = 200 250 


-250 -200 -150 -100 -50 


Output Current Limit, (mA) 


CN tt on 
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Lh OU 
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mosuns @ Nan ~ 
THT TTT 
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50 
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Output Voltage (Volts) 


-5.0 


-75 
fR2= 10.0), R2 = 2022 


R2= 10 
2 a.“ -10.0 


~ 


raw. 


Output Load Current, (mA) 
Limiting Resistance, (2) 


POWER DISSIPATION vs. LIMITING RESISTANCE MAXIMUM ALLOWABLE INTERNAL 
WITH OUTPUT SHORTED TO GROUND; Vjjq = +10V POWER DISSIPATION vs. TEMPERATURE 


| alewnle |p 
a 
Pt tT PN E 


AMBIENT TEMPERATURE a 


(NO HEAT SINK) ™~ 


ee Pf oTN 
0 100 110 120 130 140 


Limiting Resistance, (2) Temperature °C 


w 


Power Dissipation, (Watts) 
Power, Watts 
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s TYPICAL APPLICATION 


20db, 5MHz VIDEO COAXIAL LINE DRIVER 


HA-2530 HA-2630 


50$2 COAX 


NOTE: R1 and R2 tead length should be minimal. 


LINE DRIVER PULSE RESPONSE 


Horizontal Scale = 200ns/Div. 
Upper Trace: Input, 200mV/Div. 
Lower Trace: Output, 2V/Div. 


SOME OTHER APPLICATIONS 


@ BIPOLAR POWER SUPPLY 

@ FUNCTION GENERATOR OUTPUT 
@ DEFLECTION COIL DRIVE 

@ AUDIO OUTPUT AMPLIFIER 
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SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


HA-2640/2645 


High Voltage 
Operational Amplifier 


FEATURES PACKAGE 


OUTPUT VOLTAGE SWING +35V 
SUPPLY VOLTAGE 
OFFSET CURRENT 5nA 
BANDWIOTH 4MHz 
SLEW RATE 5V/Us 


COMMON MODE INPUT VOLTAGE SWING +35V 


OUTPUT OVERLOAD PROTECTION 


DESCRIPTION 


The HA-2640/2645 is a high voltage, high performance, 
internally compensated monolithic operational amplifier. 


It is intended for use wherever a high output voltage range is 
required, or where high supply voltages (up to 80 Volts total) 
are encountered. Output current is limited by a chip temper- 
ature sensing circuit, providing positive protection against 
damage under any overload or output short circuit condition. 
The device may also be used as a pin for pin replacement for 
many general purpose op amps to achieve superior input 
current, bandwidth, and slew rate. 


The HA-2640 has guaranteed operation over -55°C to 


SCHEMATIC DIAGRAM 


+10V to +40V 


+125°C, while the HA-2645 is guaranteed over 0°C to +75°C. 


CODE 2A TO-99 


ar Min 


040 
_ 
c——) 


ALL DIMENSIONS ARE IN INCHES. 
ALL DIMENSIONS * .010 UNLESS 
OTHERWISE SHOWN. 


Bottom View 


A 


8 Leads 
.017 Typ. 


Seating Plane 


NOTE: 1. All leads gold plated KOVAR 
2. All dimensions in inches 


PIN OUT 


Top View 


OFFSET 
ADJUST 


© 8 BANDWIDTH 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage Between V+ and V- Terminals 100V Operating Temperature Range 
Input Voltage Range +37V -559C < Tp <+1259C (HA-2640) 


Output Current/Full Short Circuit Protection 0°C < Tp <+75°C (HA-2645) 
Internal Power Dissipation 680mW* | Storage Temperature Range 


-65°C < Ta < +150°C 
*Derate by 4.6mW/°C above +25°C 


ELECTRICAL CHARACTERISTICS 


VSupply = +40V, RL =5K, Unless Otherwise Specified. 
HA-2640 HA-2645 
-§5°C to +1259C 0°C to +75°C 
PARAMETER MAX. | UNITS 
INPUT CHARACTERISTICS 
* 6 mV 
Offset Voltage 7 mV 
Offset Voltage Average Drift uv/°C 
* Bias Current 30 nA 
50 nA 
* 30 nA 
Offset Current 50 nA 
Input Resistance M92 
Common Mode Range V 
TRANSFER CHARACTERISTICS 
V/V 
* Large Signal Voltage Gain (Note 8) V/V 
* Common Mode Rejection Ratio (Note 1) dB 
Unity Gain Bandwidth (Note 2) MHz 
OUTPUT CHARACTERISTICS 
* Output Voltage Swing V 
* Output Current (Note 9) mA 
Output Resistance Q 
Full Power Bandwidth (Note 3) kHz 
TRANSIENT RESPONSE (Note 7) 
Rise Time (Notes 4, 6) ns 
Overshoot (Notes 4, 6) % 
Slew Rate (Note 6) V/us 
POWER SUPPLY CHARACTERISTICS 
* Supply Current 4.5 mA 
Supply Voltage Range +40 V 
* Power Supply Rejection Ratio (Note 5) dB 
NOTES: 1. Voqy = +30V 3. Vo = +35V 5. Vg = +10V to +40V 8. AVg = 130.0V 
2. Vo = 90MmV 4. Vo = +200mV 6. Ay =1 9, Riv =1KQ 


7. C, =50pF 


*100% Tested For DASH 8 
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PERFORMANCE CURVES 


V+ = V- = 40VDC, Ty, = +259C UNLESS OTHERWISE STATED 


INPUT BIAS AND OFFSET CURRENT INPUT NOISE CHARACTERISTICS 
vs TEMPERATURE 1 


Current, nA 


BIAS CURRENT 


aa ee ee 


OFFSET CURRENT ink 


-50 -25 +100 +125 


ff 
= 


Input Voltage Noise, (nV/ Hz) 


asia 0¢ 


eicauency Hz 


NORMALIZED AC PARAMETERS OPEN LOOP FREQUENCY AND 
vs TEMPERATURE PHASE RESPONSE 


BANDWIDTH 
8 
5 


-50 -25 0 +25 aca +7 


Phase Angle 


+100 +125 


Normalized Value Referred to +25°C 


Temperature, °C 


Open Loop Voltage Gain, dB 


Frequency Hz 


OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS 
VALUES OF CAPACITORS FROM BANDWIDTH 
CONTROL PIN TO GROUND 


NORMALIZED AC PARAMETERS 
vs SUPPLY VOLTAGE AT +25°C 


BANDWIDTH g _ 


apts 100pF 


aa Be 


= 


20 30 40 


Normalized Value Referred to +30V 
Open Loop Gain, dB 


= 
= 
a 
- 


Supply Voltage, Volts 


Frequency Hz 


NOTE: External Compensation Components are not Required for 
Stability. But May be Added to Reduce Bandwidth if Desided. 
C, = 100pF is Also Required for Stability Only if External 
Compensation Capacitor is Used. 
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PERFORMANCE CURVES (continued) 


OUTPUT VOLTAGE SWING 


OUTPUT CURRENT CHARACTERISTIC 
vs FREQUENCY AT +25°C 


AV= 1, VguppLy = + 
Vin=+ 


AV = 1, VsuppLy = 


AE 


Uf 


-Output Voltage, Volts 
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VOLTAGE FOLLOWER SLEW RATE AND TRANSIENT 
PULSE RESPONSE. RESPONSE TEST CIRCUIT 


Ry = 5K, Cy = 50pF 
Vertical = 10V/Div. Tp = +25°C 
Horizontal = 5 us/Div. Vo = +40V 
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SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


HA-2650/2655 


Dual High Performance 
Operational Amplifier 


FEATURES DESCRIPTION 


@ Slew Rate 

® Bandwidth 

@ Bias Current 

@ Av. Offset Voltage Drift 
@ Power Consumption 


@ Supply Voltage Range 


5V/uS 
8 MHz 
35 nA 
8uV/9C 
75mW 


+2V to ¢20V 


The HA-2650/HA-2655 contains two internally compen- 
sated operational amplifiers on a single chip offering high 
slew rate and high frequency performance at no expense to 
DC performance. Applications of the device range from DC 


to high frequency video circuits; such as tone generators, 
active filters, integrators, high impedance buffers, etc. The 
device is available in the TO-116 DIP and the TO-99 metal 


can, in either the military or commercial temperature range. 


PACKAGE/ PINOUTS 


Bottom View 


NOTES: 1. All leads gold plated KOVAR 
2. All dimensions in inches 


TO-116 
(TOP VIEW) 


14 (V+ 
13° N/C 
12) OUT 


(TOP VIEW) 


W 
} orrser 
10 


NOTE: Case Connected to V- 
NOTE: Bottom of package is connected to V- 


SCHEMATIC DIAGRAM 


eee BIAS NETWORK ep ONE-HALF HA-2650/HA-2655 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS | 
Tpa= +25°C Unless Otherwise Stated Power Dissipation (Note 2) TO-99 300 mW 
TO-116 300 mW 


Voltage Between V+ and V- Terminals 40.0V 


Differential Input Voltage 430.0V Operating Temperature Range: 
Input Voltage (Note 1) +15.0V HA-2650 -§59C <Ta < +1259¢ 
Output Short Circuit Duration Indefinite HA-2655 0°C <Ty < +75°C 

| | Storage Temperature Range -65°C <T, < +150°C 


ELECTRICAL CHARACTERISTICS HA-2650 HA-2655 
V+= 15V V-=-15V -55°C to +125°C 0°C to +75°C 


INPUT CHARACTERISTICS 


* Offset Voltage mV 
mV 
Av. Offset Voltage Drift pv/°C 
“Bias Current nA 
nA 
* Offset Current nA 
nA 
Common Mode Range V 
Differential Input Resistance MQ 
Common Mode Input Resistance MQ 
Input Capacitance pF 
TRANSFER CHARACTERISTICS 
“Large Signal Voltage Gain (Note 3ab) ViIV 
V/V 
“Common Mode Rejection Ratio (Note 4) dB 
| dB 
QUTPUT CHARACTERISTICS 
* Output Voltage Swing (Note 3c) V 
V 
Full Power Bandwidth (Note 5) KHz 
Output Current (Note 3a) mA 
Output Resistance 2 
TRANSIENT RESPONSE (Note 6) 
Rise Time (Note 7) ns 
Overshoot (Note 7) % 
Slew Rate V/ps 
POWER SUPPLY CHARACTERISTICS 
“Supply Current +25°C 25 | 3 3 4 mA 
* Power Supply Rejection Ratio (Note 8) +259C] 80 100 74 100 dB 
| Full 80 74 dB 
NOTES: 1. For supply voltages less than +15V, 4. Voy = 15.0V 
the absolute maximum input voltage 5. Ay =1,R, = 2K, Vo = 20Vpp 
is equal to the supply voltage. 6. See transient response/slew rate circuit. 
2. Derate at 4.7mW/°C at ambient tem- 7. Vin = 200mvV 
peratures above +110°C. 8. A v=t5.0v 


3. (a) Vo =110V (b) RL = 2K 
(c) Ry = 10K 


* 100% Tested For DASH 8 


Li-76 


PERFORMANCE CURVES 


V+ = +15V, V- = -15V, Tp = +25°C Unless Otherwise Stated. 


OUTPUT VOLTAGE SWING VS FREQUENCY 
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PERFORMANCE CHARACTERIS TICS 
TRANSIENT RESPONSE/SLEW RATE CIRCUIT 


SLEWING WAVEFORM 


“=e 
es Ae 
[A TeN it 


Note: Numbers in parentheses refer to the second half of 
TO-116 package. 


TYPICAL APPLICATIONS 


LOW COST HIGH FREQUENCY 
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ABSOLUTE-VALUE CIRCUIT 


HIGH IMPEDANCE 
HIGH GAIN 
HIGH FREQUENCY INVERTING AMP 


BW = 100KHz 
Ay = 100 
Ri, = SOOMIQ 


O Eo 
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ae HA-2700/2704/2705 


High Performance 
Operational Amplifiers 


FEATURES 


@ HIGH SLEW RATE 20V/ Us @ HIGH CM,, 106dB 

@ LOW POWER DISSIPATION 2.25mW AT +15.0V @ WIDE POWER SUPPLY RANGE +5.5V TO +20.0V 
@ HIGH OPEN LOOP GAIN 300K (Ry = 2K &2 ) @ FULLY INTERNALLY COMPENSATED 

@LOWINPUT BIASCURRENT 5nA @ OUTPUT SHORT CIRCUIT PROTECTED 

@ LOW OFFSET VOLTAGE 0.5mV @ OFFSET NULL CAPABILITY 


GENERAL DESCRIPTION 


The HA-2700 is a general purpose amplifier which utilizes a revolutionary input circuit concept that makes possible 
operation at very low power levels without compromising large signal response characteristics or output drive capability. 
Advanced circuit design techniques and the use of vertical NPN and PNP transistors make possible the attainment of very 
high gain with a single stage of voltage amplification, thus ensuring closed loop stability even in the critical unity gain 
follower mode, without the use of external compensation components. 


The circuit is intended for use in applications that require fast large signal response with low power dissipation and for 
instrumentation applications in which low offset voltage, current drift, large voltage gain and high common mode 
rejection are necessary. Full output short circuit protection and the large differential input breakdown enable the device 
to withstand a variety of fault conditions. 


PACKAGES 
CODE 2A PIN OUT 


Bottom View TO-99: 
G HA2-2700/HA2-2704/HA2-2705 


OFFSET ADJ. 


LEA 
017 TYPICAL 


\ 8 LEADS 
SEATING PLANE 


V— CASE 


Case Connected to V- 


(TOP VIEW) 
NOTES: 1. All teads gold plated KOVAR 
2. All dimensions tn inches 
CODE 1S TO-116 ALL DIMENSIONS ARE IN INCHES. TO-116: 
= ALL DIMENSIONS + .010 UNLESS 
PIN ONE IDENT. 
NC. 1 14 NC. 
OFFSET ADJ 2 13. NC. 
GUARD 3 12 OFFSET ADJ 
— INPUT 4 11 oV+ 
ages + INPUT 5 me 10 OUTPUT 
{ |—.250—»| GUARD 6 eK 
j V- 7 8 NC. 
| { (TOP VIEW) 
060 © .140 
010 
| oa 002 >\\— 


Case Connected to V- 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Voltage Between V* and V— Terminals 44.0V 


Differential Input Voltage +18.0V 
Internal Power Dissipation (Note 7) | 300mW 
Storage Temperature —65°C < Ta <+150°C 


ELECTRICAL CHARACTERISTICS 


Vt =+15.0 V.D.C. —=—15.0 V.D.C. 


HA-2700 HA-2704 HA-2705 
—55°C to +125°C | —25°C to +85°C 0°C to +75°C 


PARAMETER Temp. _{_ MIN. [TYP.| MAX.P MIN. | TYP. | MAX. min. | TYP.| MAX.[UNITS 


INPUT CHARACTERISTICS 

* mV 
Offset Voltage (Note 1) mV 

* Bias Current nA 
nA 

* Offset Current nA 
nA 

Common Mode Range +11.0 +11.0 V 


TRANSFER CHARACTERISTICS 
* Large Signal Voltage Gain 
(Notes 2 & 3) 


* Common Mode Rejection Ratio 
(Note 4) | 


Gain Bandwidth Product (Note 2) 


200K |300K 200K | 300K ROOK 300K V/V 
100K 100K V/V 
86 | 106 dB 
1.0 MHz 

.07+13.0 +13.0 V 

. V 

* Output Current (Note 3) mA 


TRANSIENT RESPONSE 
CHARACTERISTICS 
* Slew Rate (Notes 2 & 6) +259¢ V/us 


POWER SUPPLY 
CHARACTERISTICS 


QUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 2) +13.0 


* Supply Current | +259C 75 | 150 75 =| 150 75 | 150 UA 
* Power Supply Rejection Ratio | 
(Note 5) Full 86 | 100 86 | 100 80 | 100 | dB 
NOTES: 1. Can be adjusted to zero with 1 megohm pot between Pins 1 and 8 with the tap to Pin 7. 


1 

2. RL = 2K, Cy = 100pF 

3. Vo = +10.0V 

4. Vom = +5.0V 

5. Vg = 410.0V to #20.0V 

6. Ay=5 

7. Derate by 6.6 mw/°C above 105°C. 


*100% Tested For DASH 8 
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TYPICAL PERFORMANCE CURVES 


INPUT BIAS CURRENT AND OFFSET CURRENT 
OFFSET VOLTAGE AS A FUNCTION OF TEMPERATURE AS A FUNCTION OF TEMPERATURE 


_ Q _ Rh w > ws 


VOLTAGE (mV) 


CURRENT (nA) 


TEMPERATURE (°C) TEMPERATURE (°C) 
BIAS CURRENT AS A FUNCTION OF BIAS CURRENT AS A FUNCTION OF DIFFERENTIAL 
COMMON MODE VOLTAGE INPUT VOLTAGE 


Vs = +15.0V 
Tp = +259C 


BIAS CURRENT (LA) 


t=] _ NR ww > o m ~~ co wo 
eo 


BIAS CURRENT (nA) 
i 


COMMON MODE VOLTAGE (V) DIFFERENTIAL INPUT VOLTAGE (V) 
POWER SUPPLY CURRENT AS A FUNCTION OF POWER SUPPLY CURRENT ASA FUNCTION 
DIFFERENTIAL INPUT VOLTAGE OF TEMPERATURE 


POWER SUPPLY CURRENT (1A) 
POWER SUPPLY CURRENT (LA) 


DIFFERENTIAL INPUT VOLTAGE (mV) TEMPERATURE (°C) 


VOLTAGE GAIN AS A FUNCTION OF TEMPERATURE 


NOTE: Open loop (comparator) applications are 
not recommended, because of the above 
characteristic. 


GAIN (dB) 


TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CURVES (continued) 


PHASE-FREQUENCY RESPONSE FOR THE HA-2700 


180, 
Fat tt 
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iui eee 
11 || aa ocaete tH 


GAIN — dB 
PHASE ANGLES — DEGREES 


~60 
0.1Hz 1Hz ~—400Hz kHz ~10kHz 


FREQUENCY — Hz 


/ 
OUTPUT 
DIFFERENTIAL * 


(Ry + R2+ R93) 
THE GAIN 1S GIVEN BY: sas aaa = 


SCALE: 
Horizontal -— 20us/division 
Vertical ~ 5.0V/division 


OUT 


Non-inverting unity gain with a 2KSdand 100pF load 
TOP: Vin = 10.0V Peak to Peak 

BOTTOM: V v 

SCALE: Horizontal -1 ps/division 


Vertical -5.0V/division 


NOTE: Faster increase rise and fall time and increase 
distortion on output wave form. 
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teMaconaeton HA-2720/2725 


Wide Range Programmable 
Operational Amplifier 


FEATURES DESCRIPTION 


@ WIDE RANGE A.C. PROGRAMMING 


The HA-2720/2725 Programmable Operational Amplifier is 
an internally compensated monolithic device offering wide 
range performance specifications. Parameters such as power 
dissipation, slew rate, bandwidth, noise and input DC para- 
meters are programmed by selecting an external resistor or 
Current source. Supply voltage as low as +3 volts may be 
used with little degradation of AC performance. Applications 
such as current controlled oscillators, active filters, modula- 
tors and sample and hold circuits can be derived easily by 
modulating the set current. 


SLEW RATE: 0.06 TO 6V/uS 
GAIN X BANDWIDTH: 5KHz TO 10MHz 


@ WIDE RANGE D.C. PROGRAMMING 
POWER SUPPLY RANGE: +1.2V TO +18V 


SUPPLY CURRENT: 1HATO 1.5mA 
BIAS CURRENT: 0.4 TO 50nA 


The HA-2720 is guaranteed for operation form -55°C to 
+125°C while the HA-2725 is guaranteed from O°C to 
+75°C. 


@ LOW NOISE 


@ SHORT CIRCUIT PROTECTION 


PACKAGE 


- he Pam ee on CODE 2A | PIN OUT Top View 


; = 


N 
ag) 


8 Leads 
.017 Typ. 


Seating Plane 


ALL DIMENSIONS ARE IN INCHES. 
ALL DIMENSIONS ¢ .010 UNLESS 


OTHERWISE SHOWN NOTES: 1. All leads gold plated KOVAR. 


2. All dimensions in inches. 


SCHEMATIC 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage Between V+ and V- Terminals 45.0V Power Dissipation (Note 2) 300mW 


Differential Input Voltage +30.0V Operating Temperature Range: 
Input Voltage (Note 1) +15.0V HA-2720 -55°C < Ta < +125°C 
HA-2725 0°C <Tp <+75°C 


| (Current at Icey) 5O00UA 
oet Sel Storage Temperature Range ~65°C < Ta S +150°C 


VseET (Voltage to Gnd. at Ise) V+-2.0V < VsET < V+ 


ELECTRICAL CHARACTERISTICS 
V+=+3.0V, V-=-3.0V 


HA-2720 HA-2725 
-55°C to +1259C | 0°C to +75°C 
PARAMETER 
INPUT CHARACTERISTICS 
“Offset Voltage 


Offset Current 
Bias Current 


Input Resistance 
Input Capacitance 


TRANSFER CHARACTERISTICS 
B “Large Signal Voltage Gain (Note 9) 


“Common Mode Rejection Ratio (Note 4) 


= OUTPUT CHARACTERISTICS 
“Output Voltage Swing (Note 3) 


Output Current (Note 5) 
Output Resistance 


Output Short-Circuit Current 


TRANSIENT RESPONSE 


Rise Time (Note 6) 25°C 
Overshoot (Note 6) 25°C 
Slew Rate (Note 7) 25°C 


POWER SUPPLY CHARACTERISTICS 


Supply Current 25°C 15 170 15 170 UA 
7 Full 20 200 20 200} MUA 
“Power Supply Rejection Ratio(Note 8) | Full § 100 100 150 150 UVIV 


*100% Tested For DASH 8 
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SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS 
V+=+15.0V, V-=-15.0V 


HA-2720 HA-2725 
-55°C to +125°C 0°C to +75°C 


PARAMETER 


INPUT CHARACTERISTICS 
* Offset Voltage 


* Offset Current 
* Bias Current 


Input Resistance 
input Capacitance 


TRANSFER CHARACTERISTICS 
* Large Signal Voltage Gain (Notes 3 & 9) 


* Common Mode Rejection Ratio (Note 4) 


OUTPUT CHARACTERISTICS 
* Output Voltage Swing (Note 3) 


Output Current (Note 5) 
Output Resistance 
Output Short-Circuit Current 


TRANSIENT RESPONSE 
Rise Time (Note 6) 


Overshoot (Note 6) 


Slew Rate (Note 7) 


POWER SUPPLY CHARACTERISTICS 


* Supply Current 25°C 20 210 20 210 HA 
Full 25 250 25 250 | MA 
* Power Supply Rejection Ratio(Note 8) | Full 100 100 150 150 LUVIN 


NOTES: 1. For supply voltages less than t15.0V, the absolute maximum input voitage is equal to supply voltage. 
2. Derate at 6.8mW/°C for operation ambient temperatures above 75°C. 


3. T= +25°C and Full T = +25°C R, = 75K2 R, =5K2 
_— T= Full R, = 75KS2 R, = 75KQ 

4. Voy = +1.5V Vom = £5.0V 

5. Vo = 42.0V Vo = #10.0V 

6. —e———_———— Ay = +1, Ving = 400mvV, R, = 5K, C, = 100PF 

7. Vo = #2.0V Vo = #10.0V RR, = 20K R, = 5K 

8. Av = +1.5Vv Av = +5.0V 

9. Vo = t1 OV Vo = t10.0V 


*100% Tested For DASH 8 Li-85 
i- 
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PERFORMANCE CURVES 


UNLESS OTHERWISE NOTED: Tap =+25°C, Vo = + 15VDC 


INPUT BIAS CURRENT 
vs. SET CURRENT 
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CHANGE IN OFFSET VOLTAGE 
vs. Iggy (UNNULLED) 
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INPUT NOISE VOLTAGE AND CURRENT 


vs. FREQUENCY 
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INPUT BIAS CURRENT 
vs. TEMPERATURE 
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NOISE vs. SOURCE RESISTOR 


eek 100 
< 
~ a 
= ‘ 
GN - 
< E 
' = 
iy 0-28 3 ol 10 
este: a a 
Oueey E€ 
é } 
& 
= 
= eo 
aes: e U 
eth § 
=z 
19°28 0.1 
100K 100K 


i en OSes ame Caan Ran a ons: 
Oe AT SS SSS! en os SEES Ee eT: 
2) SG We — A snecen 
1! oe ono) Gm ananat 


2 ew oe ee ee a es en ee eee 
- 00 GEREN ee Oe ee) ee SS 2 se ee Oe Hs 
= Tt 21 titi) .._..t_ tt 
1] ae es 00 te Ee weuent 


3) So eee eee ee es eee ene. 
Oe UU OE Oe GO Oe et a Ge Se 
Ot URE COS OG) NS CE a OS ee 
Ht —— ttt to Beesre 


ae Sera 


Source Te 


Open Loop Gain 


PERFORMANCE CURVES 


— 


ie 


UNLESS OTHERWISE NOTED: Ty, =+ 25°C, Vo = + 15VDC 


MAXIMUM OUTPUT VOLTAGE SWING 
vs. LOAD RESISTANCE 


5 BORE 
CLIN se en eer 
LMT VAT LR serra] 
aN Ai 
LAE TOY TIT ts 

yy 
OAT 

LAL Lf ; 


24 


18 


Output Voltage - P-P 
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PERFORMANCE CURVES 
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Seine HA-2730/2735 


Wide Range Dual Programmable 
Operational Amplifier 


i FEATURES DESCRIPTION 


@ WIDE RANGE A.C. PROGRAMMING 


The HA-2730/2735 Dual Programmable Operational Ampli- 

fiers consist of two HA-2720 type op amps on a single 

SLEW RATE: 0.06 TO 6V/LUs monolithic chip. It features the same performance character- 

GAIN X BANDWIDTH: SkHz TO 10MHz istics as the HA-2720/2725 and in addition offers closer 

thermal tracking, reduced size weight, and greater reliability 

@ WIDE RANGE D.C. PROGRAMMING than two single devices. The HA-2730/2735 is programmed 

by selecting two external bias resistors or current sources for 

POWER SUPPLY RANGE: +1.2V TO +18V independent control of each side. Applications such as cur- 

SUPPLY CURRENT: 1LATO 1.5mA rent controlled oscillators, active filters, modulators and 

BIAS CURRENT: 0.4 TO 50nA sample and hold circuits can be derived easily by modulating 
the set current. 


@ LOW NOISE 
@ MONOLITHIC CONSTRUCTION The HA-2730 is guaranteed for operation from -55°C to 


9C whi - i f 9C to +75°C. 
® SHORT CIRCUIT PROTECTION +125°C while the HA-2735 is guaranteed form OVC to +75 


S PACKAGE 


CODE 1S 14 LEAD BRAZED D.1.P. | PIN OUT 


PIN ONE IDENT. 
wx 


ALL DIMENSIONS ARE IN INCHES. 
ALL DIMENSIONS +.010 UNLESS 
OTHERWISE SHOWN. 


OFFSET 


—— 300 — (ADJUST) 
patel > OFFSET 


(ADJUST) 


010 
gacel _ +002 ~|\=- 


All leads and base gold plated KOVAR. 
2. All dimensions in inches. 
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LINEAR 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals 45.0V | Power Dissipation (Note 2) 500mW 


Differential Input Voltage +30.0V Operating Temperature Range: 
Input Voltage (Note 1) +15.0V HA-2730 = -559°C < Ty S +125°C 


- ) < 4750 
IseT (Current at Ige7) 500LA HA-2735  O°C S Ta S - 2 a 
VsET (Voltage to Gnd. at Ise) V+ —2.0V < VseT < V+ Storage Temperature Range ~65°C S Tp S +150°C 


ELECTRICAL CHARACTERISTICS = (Each Side) 
V+ =+3.0V, V-=-3.0V 


HA-2730 HA-2735 
-55°C to +1259C 0°C to +75°C 
PARAMETER 


ANPUT CHARACTERISTICS 
* Offset Voltage 


Offset Current 
Bias Current 


Input Resistance 


Input Capacitance 


TRANSFER CHARACTERISTICS 
*Large Signal Voltage Gain (Notes 3 & 9) 


*Common Mode Rejection Ratio (Note 4) 
OUTPUT CHARACTERISTICS 
“Output Voltage Swing (Note 3) 
Output Current (Note 5) 
Output Resistance 


Output Short-Circuit Current 


TRANSIENT RESPONSE 


Rise Time (Note 6) 25°C 
Overshoot (Note 6) 25°C 
Slew Rate (Note 7) 25°C 
POWER SUPPLY CHARACTERISTICS 
*Supply Current (Each Amp) 25°C 15 170; 15 170 UA 
Full 20 200 20 200 |} LA 
*Power Supply Rejection Ratio(Note 8) | Full 100 100 150 150 UVIN 


*100% Tested For DASH 8 
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SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS — (Each Side) 
V+=+15.0V, V-=-15.0V 


HA-2730 HA-2735 
-§5°C to +125°C 0°C to +75°C 
IseET = 1. LMA IseT = 15LA 
PARAMETER .|MAX.| MIN.[ TYP. UNITS 
INPUT CHARACTERISTICS 
“Offset Voltage 5.0 | mV 
7.0 | mV 


* Offset Current 
“Bias Current 


Input Resistance. 
Input Capacitance 


TRANSFER CHARACTERISTICS 
“Large Signal Voltage Gain (Notes 3 & 9) 


25K {120K 
20K 


*Common Mode Rejection Ratio (Note 4) 


OUTPUT CHARACTERISTICS 
*Output Voltage Swing (Note 3) 


Output Current (Note 5) 
Output Resistance 
Output Short-Circuit Current 


TRANSIENT RESPONSE 


Rise Time (Note 6) 25°C 
Overshoot (Note 6) 25°C 
Slew Rate (Note 7) 25°C 


POWER SUPPLY CHARACTERISTICS 


* Supply Current (Each Amp) 25°C | 20 210 20 210 HA 
Full 25 250 25 250 | WA 
* Power Supply Rejection Ratio(Note 8) | Full ff 100 100 150 | 150 LUVIN 


NOTES: 1. For supply voltages less than £15.0V, the absojute maximum input voltage is equal to supply voltage. 
2. Derate at 4.7mW/°C at ambient temperatures above 68°C. 


VsuppLy = 13.0V Vsuppcy = £15.0V lseqT = 1.5MA lopez = 15MA 
3. T= +25°C and Full T= +25°C R, = 75KQ R, = 8KQ 
Be T = Full R, = 75Ki2 R, = 75KQ 
4. Von = £1.5V Von = £5.0V 
5. Vo = 12.0V Vo = 110.0V 
6. Ay, = +1, Vin = 400mV, Ry = 5K, C, = 100pF 
7. Vo = #2.0V Vo = +10.0V RR, = 20K R, = 5K 
8. AV =+1.5V Av = +5.0V 
9. Vo = 41.0V Vo = 410.0V 


*100% Tested For DASH 8 
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LINEAR 
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PERFORMANCE CURVES 


UNLESS OTHERWISE NOTED: T, = 25°C, Vo =+15VDC 
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POWER SUPPLY REJECTION 
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vs. TEMPERATURE 


Temperature 


STANDBY SUPPLY CURRENT 


VS. IoET VS. IgET vs. IgeT 
————= | 
Se TILL 
8 a TUN ETA ETE ET 
eee a THM Fevsteseto TT Tl on 
© 100 
: Ss ; CH oti 
SS oe eae § 1 3 
g toi Batti 3 TI Pll -' Sree sti ee aac re 
s 3 a o th te At 
Siam PCa Tin =o? eS 
Soe es sass) ee ese ee i) a . aati a a 
| eT Bil) CE ER =: 
Saiiilimmiiil Sai ad Lo w 
ST LEM LIE ETT 
Am mT vn v 
ui . 0.1 
Set Current he Set ties yA Set che WA 
SUPPLY CURRENT vs. NORMALIZED BANDWIDTH 
TEMPERATURE vs. TEMPERATURE 
7 Md Metal, to aed 
2 : ae 
alee eu. 
a ; 1.0 
80 £08 
= 
40 


a eet 
25° = 50°C )=— 75°C 100°C = 125°C -50°C 


Temperature 


ne eee 
-50°C § = -259C- °C 425°C +50°C +75°C +100°C +125°C 


Temperature 


-26°C = 0°C 


Li-93 


PERFORMANCE CURVES 


SLEW RATE vs. log T PHASE MARGIN vs. SET CURRENT CHANNEL SEPARATION vs. 
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SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


HA-2820/2825 


Phase Locked Loop 


| FEATURES DESCRIPTION 


@ FREQUENCY RANGE 0.01 Hz TO 3 MHz 


@ INDEPENDENT PHASE DETECTOR AND 
OSCILLATOR FOR VERSATILITY 


@ TWO ISOLATED PHASE DETECTOR OUTPUTS 


@ DTL/TTL COMPATIBLE OSCILLATOR OUTPUT 


@ OSCILLATOR STABILITY: 100ppm/ °C, 
01%/VOLT 


The HA-2820/2825 Phase Locked Loop is useful for many 
Operations in the frequency domain in the sub-audio to low 
R.F. bands. It features a number of functional and para- 
metric improvements over other similar monolithic circuits. 


A major feature is a high impedance current source phase 
detector output with provisions for external connection to 
the oscillator input which is a low impedance current sink. 
This allows connection of complex passive or active filters, 
amplifiers, sweep circuits, etc. within the loop. Also, the 
two phase detector outputs are isolated from one another 
so that different filter functions can be connected at the 
two outputs without interaction. The capability of inde- 
pendently adjusting loop bandwidth and demodulated out- 
put bandwidth allows phase modulation detectors to be 
constructed. 


Applications include modulators and demodulators for F.M., 
phase modulation, and F.S.K.; frequency multiplication; data 
synchronization; tracking filters; and speed controls. 


FUNCTIONAL DIAGRAM PACKAGE 


CODE 1S 


(TOP VIEW) 
DETECTOR 
SIGNAL IN ae 

SIGNAL IN 2 TIMING R 
21 |¢ 

V+ cc o TIMING R 
- oO 
2). 3 
DEMOD. a a 

OUT Z = TIMING C 
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a. =< 
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GND. o TIMING C 
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ee 

REF. IN cc OSC. IN 
> 
© 
OSC. OUT v- 


14 LEAD BRAZED D.I.P. 


PIN ONE IDENT. 


ALL DIMENSIONS ARE IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage Between V+ and V- Terminals 


27.0V 


Input Voltage 2 VRMS 


Output Current, Pin 7 


Power Dissipation 300mW (Note 3) 


Operating Temperature 
HA-2820 
HA-2825 


Storage Temperature 


-55°C > Tp > +125°C 
0°c > Ta > +75°C 
. -65°C > Tp > +150°C 


ELECTRICAL CHARACTERISTICS 


V+ = +6.0V Vin = 100mV RMS 

V- = -6.0V Fo ~ 50kHz 

Pin 5 = Ground See Test Circuit, Page 3 
PARAMETER TEMP. 


PHASE DETECTOR 
Input |!mpedance, Pins 1 - 2 


Input Voltage Range, Pins 1 - 2 (Note 1) 
Output Impedance, Pins 4 & 14 

Output Offset Current, Pins 4 & 14 
Output Offset Current, Pins 4& 14 


Conversion Gain, Pins 4 & 14 


CURRENT CONTROLLED OSCILLATOR 
Maximum Frequency 
Frequency Drift 
Frequency Change with Supply Voltage 
Input Resistance, Pin 9 (Note 4) 
Input Open Circuit Voltage, Pin 9 
Conversion Gain 
Output Voltage, High 
Output Voltage, Low 
Output Rise Time 


Output Fall Time 


CLOSED LOOP CHARACTERISTICS 
Loop Gain 
Tracking Range 
Demod. Output Swing, Pin 4 
Frequency Drift 


POWER SUPPLY CHARACTERISTICS 


Supply Current, V+ Full 
Supply Current, V- Full 
Supply Voltage Range (Notes 2, 3) Full 


NOTES 1. For + 10% tracking range. 
2. +5.0V,-7.0V may be used alternatively. 
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Unless otherwise specified 


HA-2820 HA-2825 
-55°C to +125°C 0°C to +75°C 


LIMITS LIMITS 


| MIN. | TYP. | MAX. | MIN. MAX. 
100K 100K 
5 1 | 5 
10 10 
10 | 45 10 
20 
50 50 


+1.9 


UNITS 


UA 


% Af/ [LA 
V 
+0.4 V 


ns 


% Af/Radian 
% At 
mV 
ppm/°C 


+12 +6 


4, AVg=i2v 


3. Derate power dissipation by 
6.6 mW/°C above +105°C 
ambient temperature. 


TEST CIRCUIT 


DEMOD. SIGNAL IN 
OUT V+ ——_—— 
C3 Cy 
Ra Re 


Pr fe Tims ey 
PHASE DETECTOR 
CURRENT CONTROLLED OSC. 


ce] Ley (of, ie S 


Co 
@ 
Ve 
Unless otherwise specified: V+ = +6.0V; V-=-6.0V; Rq=R3= 10K92; Ro = 1K92; Rg = Rs = 30092; RT = 54092; Cy =.015 Ut; 


C2=C9=Cq=O0.1 mt; Cp = 0.01 F (fp 50kHz); Vin = 100mV RMS; Ta = +25°C 


PERFORMANCE CURVES 


CENTER FREQUENCY, fo vs. CENTER FREQUENCY, fo vs. 
TIMING CAPACITOR, Cy (Ry = 540$2) TIMING RESISTOR, Ry (Cy = .01/f) 
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PERFORMANCE CURVES (continued) 


CENTER FREQUENCY DRIFT 
vs. TEMPERATURE 


Percent Frequency Drift 


Temperature (°C) 


MINIMUM SIGNAL TO MAINTAIN LOCK 


Input Signal Level (2 VRMS) 


Temperature (°C) 


DEMODULATED OUTPUT SWING 


Output Swing, Pin 4 (V) 


-100 -80 -60 ~40 -20 0 20 40 «660 «680 «6100 


—6 


Input Frequency Deviation from fo (% of fo) 
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Tracking Range (% of fg) 


TRACKING RANGE vs. INPUT SIGNAL LEVEL 
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Input Signal Level (RMS) 


LOOP GAIN CHARACTERISTIC 


Frequency Deviation from fy (% of fo) 


0 20 40 60 80 100 120 140 160 180 
Phase Angle Between Input Signal & Oscillator, Degrees 


OSCILLATOR FREQUENCY 
vs. INPUT CURRENT, PIN 9 (fp = 50kHz) 


Normalized Frequency 


-200 -100 0 100 200 
Input Current ( £2A) 


300 = 400 500 


=="  WA-2900/2904/2905 


Chopper Stabilized Operational Amplifier 


FEATURES DESCRIPTION 


@ OFFSET VOLTAGE DRIFT: 0.2uV/°C 
@ OFFSET CURRENT DRIFT: 1pA/°C 
@ OPEN LOOP GAIN: 5X 108 
@ BANDWIDTH: 3MHz 

@ SLEW RATE: 2.5V/US 


@ TRUE DIFFERENTIAL INPUTS 


The HA-2900/2904/2905 is the first monolithic chopper stabi- 
lized operational amplifier. It features superior offset drift 
characteristics, extremely low input currents, and excellent AC 
performance. Its inputs are symmetrical and differential, mean- 
ing that the device may be operated in any op amp feedback 
configuration; inverting, non-inverting, or balanced. Applica- 
tions include high gain DC instrumentation, precision integra- 
tors, and as a substitute for other op amps wherever much lower 
errors without external adjustments are required. The device. is 
packaged in a hermetic can with standard pin out, and requires 
only three external capacitors for operation. 


FUNCTIONAL DIAGRAM PACKAGE 


Fb OS Ie ge ee gt ik ener e oe j TIMING 
MULTIVIBRATOR 


sae aad asm 


CLOSED t 


OPEN 


CODE 2A TO-99 ALL DIMENSIONS ARE IN INCHES 


ALL DIMENSIONS ¢ .010 UNLESS 
OTHERWISE SHOWN. 


Bottom View 


Seating Plane 


NOTES: 1. All leads gold plated KOVAR. 
2. All dimensions in inches. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals 42.0V Operating Temperature Range -559C< Tas +125°C (HA-2900) 3 
Differential Input Voltage (Note 1) +15V -25°C <Ty <+85°C (HA-2904) 


Output Current/Full Short Circuit Protection Storage Temperature Range 0°C <Ty <+75°C(HA-2905) 


Internal Power Dissipation 300mw* | -659C <Tp < +150°C 
Rete vente ei *Derate by 6.6mW/°C above +105°C e 


ELECTRICAL CHARACTERISTICS | 
Test Conditions: C1=C2=0.14F, C3= 1500pF, VSupply = £15.0V unless otherwise specified. 


HA-2900 HA-2904 HA-2905 
-55°C to +125°C -25°C to +85°C 0°C to +75°C 
PARAMETER rewe. [an [We [ WAR | WN | TYP. | WAX [WIN [TVP.[ WAX] uni 
INPUT CHARACTERISTICS 
* Offset Voltage 


Offset Voltage Average Drift 


* Bias Current 
*% 
Offset Current 


Offset Current Average Drift 
Input Resistance 

Input Capacitance 

Common Mode Range 


TRANSFER CHARACTERISTICS 
* Large Signal Voltage Gain (Note 2) 


Chopper Frequency 
*Common Mode Rejection Ratio (Note 3) 
Gain Bandwidth Product (Note 4) 


OUTPUT CHARACTERISTICS 
* Output Voltage Swing (Note 2) 


*Output Current 
Output Resistance 
Full Power Bandwidth (Note 5) 


TRANSIENT RESPONSE 
(NOTES 2, 8, and 9) 
Rise Time (Note 6) 


Overshoot (Note 6) 
Slew Rate (Note 5) 
POWER SUPPLY CHARACTERISTICS 


*Supply Current +25°C 35 | 5.0 3.5 | 5.0 35 | 50 [| mA 
* Supply Voltage Range Full +12 +20 +10 +20 +12 +20 V 
* Power Supply Rejection Ratio (Note 7) Full 120 160 130 160 120 160. dB 
NOTES: 1. input terminals should be protected against static 5. Vo= +10V 
discharge during handling and installation. Input 6. Vo = £200mV 
voltage should never exceed supply voltages. 7. AVs = +5V 
2. Ry = 2K 8. Cy = SOpF 
3. Vom = +5.0V 9. Ay = +1 See transient response test 
4. Ay = 10 circuits and waveforms, page 4. 


*100% Tested For DASH 8 


- 100 


Normalized Parameters Refered 


PERFORMANCE CURVES 


V+ = V-= 15VDC, Ty = 25°C UNLESS OTHERWISE STATED 


Input Noise ( nV/VHz) 


Peak-to-Peak Voltage Swing 


to Values at +15V 


INPUT VOLTAGE NOISE 


Frequency (Hz) 


OUTPUT VOLTAGE SWING 
vs. FREQUENCY 


Frequency (Hz) 


NORMALIZED A.C. PARAMETERS 
vs. SUPPLY VOLTAGE 


Supply Voltage 


Input Bias Current, Offset Current (pA) 


Normalized Parameters Refered 


OPEN LOOP FREQUENCY AND 
PHASE RESPONSE 


me} | | be 


\ 


nessa a 
BNA 
Ne] | 


100° 


120° 


140° 


Open Loop Voltage Gain dB 


Frequency (Hz) 


TYPICAL INPUT CHARACTERISTICS 
vs. TEMPERATURE 


Input Offset Voltage (4/V) 


Temperature (°C) 


NORMALIZED A.C. PARAMETERS 
vs. TEMPERATURE 


7 


to Values at +25°C 


Temperature (°C) 
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PERFORMANCE CURVES (continued) — 
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(1) Device inputs should be protected against exceeding either sup- 


VOLTAGE FOLLOWER 
-SLEWING WAVEFORM 


VOLTAGE FOLLOWER 
TRANSIENT RESPONSE WAVEFORM 


Upper Trace: Input: 5V/Div. 
Lower Trace: Output; 2V/Div. 
Horizontal: 24/S/Div. 


SLEW RATE 


+5.0V +200mV 
INPUT INPUT | 
-5.0V ov IN 


90% — 
W RATE= AV/AT OUTPUT 


| 
! 
10% 
| cs () 


i“) 
rm 
m 


—rl |e—RISE TIME 


TRANSIENT RESPONSE 


Upper Trace: Input; 100mV/Div. 
Lower Trace: Output; 50mV/Div. 
Horizontal: 500ns/Div. 


SLEW RATE AND 
TRANSIENT RESPONSE 


NOTE: Measured on both positive and 
negative transitions. 


APPLICATION TIPS 


ply voltage from static discharge or inadvertent connection, par- 
ticularly when wired directly to a connector or instrument pan- 
el. 


(2) External capacitors C1, €2, and C3 should have good tempera- 


ture stability, low leakage, and low dielectric absorption. Poly- 
styrene (below +85°C), teflon types or polycarbonate are 
recommended. C3 _ could also be silver mica - 


(3) Particular care must be exercised in system layout and material 


and component selection to realize the full performance poten- 
tial of the HA-2900/2904/2905. External sources of drift error 
may include the thermocouple and electrochemical EMF’s gen- 
erated at junctions of dissimilar metals, leakage across insulating 
materials, static charges created by moving air, and improper 
grounding and shielding practices. 


(4) Chopper noise is present chiefly as a common mode input cur- 


rent signal, and may be minimized by matching the impedances 
at the two inputs. Random noise may be reduced at the expense 
of bandwidth using active or passive filtering. 


(5) Input frequencies near the chopper frequency (750Hz) or its har- 


monics may result in small components of difference frequency 
in the output. This effect should be checked in the individual 
application, and if objectionable, a low pass filter may be added 
in series with the input. 


(6) When operating at closed loop gains between 70 dB and 140dB, 


compensation networks may be required, because of open loop 
phase shift in this gain region. In most cases, a capacitor placed 
in parallel with the feedback resistor to yield a gain-bandwidth 
product < 2/MHz will be sufficient. 7 
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Keyhoard Encoder 


FEATURES 


@ STROBE OUTPUT 
@® KEY ROLLOVER OUTPUT 
@ EXPANDABLE: 2 PACKAGES REQUIRED FOR 
FULL TELETYPEWRITER, EIGHT-BIT ENCODING 


@ SINGLE +5.0V SUPPLY REQUIRED, 
DTL/TTL OUTPUTS 
@ MONOLITHIC RELIABILITY 


GENERAL DESCRIPTION 


The HD-0165 Keyboard Encoder is a 16 line to four-bit parallel encoder intended for use with manual data entry devices 
such as calculator or typewriter keyboards. In addition to the encoding function, there is a Strobe output and a Key 
Rollover output which energizes whenever two or more inputs are energized simultaneously. Any four-bit code can be 
implemented by proper wiring of the input lines. Inputs are normally wired through the key switches to the +5.0V power 
supply. Full typewriter keyboard encoding up to eight bits can be accomplished with two Encoder circuits by the use of 
double pole key switches or single pole switches with two isolation diodes per key. Outputs will interface with all popular 


DTL and TTL logic families. The circuit is packaged in a hermetic 24-pin dual in-line package and operates over the tem- 
perature range of 0°C to +75°C. 


EQUIVALENT CIRCUITS PACKAGE 


CODE 1J 24 LEAD CERAMIC D. |. P. 
OUTPUT oe ee 
+5.0V ALL DIMENSIONS ARE IN INCHES. |=— 520 —| 
ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 
2KQ2 
/ 011 + .004 ee 
ANY OUTPUT _— ~—— 09/159 
a —<— 220 MAX. 
460* | eat penetias INDEX NOTCH 
| reas 
IN 16 i 400 
] . 
4-4 = 
KEYBOARD — 


* EQUIVALENT RESISTORS FOR OTHER 
INPUTS ARE BETWEEN THESE TWO VALUES 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Supply Voltage +7.0V Output Current 30mA 


Input Voltage +§.5V Storage Temperature —65° to +150°C 
Output Voltage +5.5V Operating Temperature (Case) O0°C to +75°C 


ELECTRICAL CHARACTERISTICS 


Test Conditions: Ver = +5.0V +5% 
Tease = 0°C to +75°C 
Unless otherwise specified 


Vip = +4.5V lo, = 10mA 
D.C.| Output Voltage : Vin = +3.5V lop = 3.2mA 
Vou Vip = Open Circuit logy =—240UA 


VoL 
Operating} Ice One Input at +5.25V 
SK 


Power Supply Current 
Maximum] Ico All Inputs at +5.25V 


T Case = 259C 
T Vec = VIN = +5.0V 
| | Ci< 50pF 


NOTE: (1) Skew time is the maximum time differential between propagation delay times of any 
outputs including strobe and Kro- 


A.C.| Skew Time (Note 1) 


TRUTH TABLE 


INPUTS OUTPUTS 
12 3 4 § 6 7 8 9 0.1% 12 13 14 #15 1) 1 #2 3 4 St Kpo 
LbobLobkoeo be b&b bt tb tb tb tb tb tb tb tflH H H H HH 
HL L bt bcLobe b&b b&b tb eb tb tb bt t tfH H H H LH 
LH L Lo bL bE bE Lb bo tbo bo bobo ou tfue ou H H LH 
Lt oH L b-L bo bLoe_oe b&b tb bo te tb tb ucfu tH Ho L 4 
L LobouH -E bt bE Lo bE eL bo tb tb bt bt ute tH H tL dH 
Lotcobe bL H tL tL bL b&b bt bo bt tb bt bt utyuH H LH tL oH 
Leeuw bob H LoL LE bo eb bo bt t bt efe HH to oH t oH 
Lb_obueo veo bo be H Lo eL_ tb be tb tou eueftuH tc tb H tH 
Lobeobe bo be b&b tb H LE LoL bt b tb bt tefue out HH tou 
L bLobe bo be b&b bE bL H Lob b&b tb bot tftH H H LL tou 
Lote t b boe tb tb H Lo bobeobub bt eye H H LL tou 
Lo tok tb bk bo bL LE tL H tL bo bot tLTH tb H tL LH 
L tout be be bo bt bo tb bo H tobe bub eye ou Hw bt tou 
Lb boe bo b bee bob b&b tb tb HH Lo tb tyuH H LoL eet od 
cu & © t Ut & & hh kt bh &£ HH 2 PE HM 4 & 
B06 & ££ © 4: ae © 42 2h he o£ Heat ob Te bb & mh 
Lokobe bo bLobu tb bb be tb toe tb t wHfe boe vu tou 
ANY TWO OR MORE HIGH X xX X X LoL 


INPUTS: L = Open Circuit or < +1.0V H => +4.5V Current Source 
OUTPUTS: L=< +0.4V H= > +2.4V X = Erroneous Data 
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APPLICATIONS 


+5.0V 


PARALLEL 
BINARY 
OUTPUTS 


AUXILIARY 
OUTPUTS 


INPUTS OD Voc +5.0V 
A ,; 
A 2 
i 3 1 
-_ 
, > 3 
, 6 4 
j 7 
1 8 STROBE 
g 
1 19 KRO 
ae; 
1 13 
| 14 
P45 
A! i 
1 GND 


KEYBOARD = 


Figure 1. GENERAL CONFIGURATION FOR 
ENCODING TWO TO SIXTEEN KEYS 


The Truth Table is used to determine wiring from the key 
switches to Encoder inputs to produce desired output codes. 


O +5.0V 


DUAL MONOSTABLE 
(9602 OR EQUIVALENT] 
DTL OR OPEN 


COLLECTOR 2 UF 
GATE +] 


HD-0165 


Figure 2. SWITCH BOUNCE ELIMINATION 


This circuit generates a delayed Strobe pulse (St’). Delay time 
is determined by first monostable and should be about 10ms. 
Pulse width is determined by second monostable and should be 
set according to system requirements. Effect of switch bounce 
or arcing on make or break is positively eliminated and proper 
encoding will take place under two key rollover conditions. 
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APPLICATIONS (continued) 


+5.0V SUPPLY DOUBLE POLE INPUTS OUTPUTS 


KEY SWITCHES 
HD-0165 
OUTPUTS 
s STROBE 


mia | a 

L OPEN COLLECTOR 
ht GATE 
~ | | rye TO CIRCUIT 
a OF FIGURE 2 
| | STROBE 


ALTERNATE ISOLATION METHOD: 
SINGLE POLE KEY SWITCH WITH 
TWO DIODES. 


NOTE: Reduce Encoder fanout to two TTL 
loads maximum. 


Figure 3. ENCODING UP TO 256 KEYS 


Use upper Encoder to produce the four most significant output 
bits; the lower to produce the least significant bits. Use Truth 
Table and required output codes to determine wiring from each 
key to the two Encoders. 


SHIFT and CONTROL functions can be implemented by logic 
gates in series with the output lines. 
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HD-245/ HA5 Triple Line Transmitter 
HD-246/546/249/549 Triple Line Receivers 


SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


HD-248/548 fripie party Line Receiver 


FEATURES: | 


@ CURRENT MODE OPERATION @ HIGH COMMON MODE REJECTION 


@ HIGH SPEED: 15MHz WITH 50FT. CABLE; @ TRANSMITTER AND RECEIVER PARTY LINE CAPABILITY 
2MHz WITH 1,000FT. CABLE @ TOLERATES -2.0V TO +20.0V GROUND DIFFERENTIAL 

@ HIGH NOISE IMMUNITY (Transmitter with respect to receiver) 

@ LOW EMI GENERATION @ TRANSMITTER INPUT/RECEIVER OUTPUT TTL/DTL 

@ LOW POWER DISSIPATION COMPATIBLE 


GENERAL DESCRIPTION PACKAGES 


CODE 1S 14 LEAD BRAZED C.1.P. 


Each transmitter-receiver combination provides a digital inter- 
face between systems linked by 100{2 twisted pair, shielded 
cable. Each device contains three circuits fabricated within a 
single monolithic chip. Data rates greater than 15MHz are 
possible depending on transmission line loss characteristics and 
length. 


PIN ONE IDENT. 


The transmitter employs constant current switching which pro- 
vides high noise immunity along with high speeds, low power 
dissipation, low EMI generation and the ability to drive high 
Capacitance loads. In addition, the transmitters can be turned 
“off, allowing several transmitters to time-share a single line. 


ae 


Receiver input/output differences are shown in the following 
table: 


po NPT UTPUT 
Hp-246/546 | 1009 OPEN COLLECTOR 
HD-248 / 548 6K PULL-UP RES. 

HD-249 / 549 6K PULL-UP RES. 


CODE 9V TO-86 (METAL BOTTOM) 


SEATING on 
The internal 100 §2 cable termination consists of 50 $2 from each 7 | 


o 
input to ground. 017 e 
050 TYP 014 250 | 0 
oo r . ; 0 
HD-248/548 “party line’ receivers have a high-Z input such that = 
as many as ten of these receivers can be used on a single trans- j = 
mission line. |—+it% ——|—— 280 = Peer x 
lees 75) MIN, 
; a REF. 
Each transmitter input and receiver output can be connected to t 
TTL and DTL systems. When used with shielded transmission SSS 
line, the transmitter-receiver system has very high immunity to 005 + .002 f 
Capacitive and magnetic noise coupling from adjacent con- 
ductors. The system can tolerate ground differentials of -2.0 V 
to +20.0V (transmitter with respect to receiver). ALL DIMENSIONS ARE IN INCHES. 
ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 
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SPECIFICATIONS HD-245/545 TRANSMITTERS 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage Range: -0.5V to+10V Vec Range: -0.5V to +10V 


Output Voltage Range: -30V to +0.5V with respect to Vcc Storage Temperature Range: -65°C to +150°C 


ELECTRICAL CHARACTERISTICS 


HD-245 HD-545 TEST 
-65°C to +125°C 0°C to +75°C CONDITION 
PARAMETER | SYMBOL | TEMP. | MIN. | TYP. | NOTES 


INPUT LOW 
CURRENT HL 


“ON” QUTPUT 
CURRENT 


“ON” OUTPUT | A, 
DC CURRENT OUT 
UNBALANCE 


“OFF” OUTPUT | lout 
CURRENT “OFF” 


OUTPUT 
POWER SUPPLY 18.6 5 
CURRENT- 0.6 6 
TOTAL 
PROPAGATION 25°C 3 10 3 10 
| DELAY ToL Full 14 14 ns 5.0 
A 
TEST CIRCUIT 1, t 25°C 3.2 10 3.2 10 ne 5.0 
PAGE 4 PHL Full 14 14 : 
NOTES: 1. One input at Gnd. one input open, each output at Gnd. 5. One input of each transmitter at Gnd and the other 
2. One input at 0.45V, one input open, each output at Gnd. input open. All six output lines at Gnd. 
3. Difference between $1 and 2 “ON” output data current. 6. All six input lines open, all six output lines at Gnd. 
4. Each input at Gnd., one output at Gnd., 
limit 2 100 MA on output tested with -30V applied. 
14V 
nce 
1 INP 
? UT 14 Vec 2.7K 
@ 10UTPUT 2 13 INPUT 2 
@ 20UTPUT 3 12 OUTPUT G2 
Aerie opal A Awe] PL) Doe 
@ 1 INPUT 10 INPUT 1 ) 
@ 1 OUTPUT 6 9 INPUT 2 ae ae 
P 2 
SUBSTRATE 7 8 OUTPUT @ a ee re ao oo ae ee ae 
GND e @ e@ e @ e e @ eo e e@ e 
o1 o1 62 $2 $1 1 2 $2 $1 1 2 92 
IN OUT OUT IN IN OUT OUT IN IN OUT OUT IN 
| T1 | | T2 | | 13 | 
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SPECIFICATIONS HD-246/546; HD-248/548; HD-249/549 RECEIVERS 


ABSOLUTE MAXIMUM RATINGS 


input Voltage Range -1.0V to +1.0V Input Current +25mA 


Output Voltage Range -0.5V to +6.0V Output Current +50mA 
Vcc Range -0.5V to +8.0V Storage Temperature -65°C to +150°C 


VeE Range -8.0V to +0.5V 


ELECTRICAL CHARACTERISTICS 


HD-246 / 248 / 249 HO-546 / 548 / 549 TEST abies 
-55°C to +125°C 0°C to +75°C =-5V 


PARAMETER M. | TEMP. weep eee "NOTES 


INPUT RESISTANCE é 

(HD-246/546 ha C es 
& HD-249/549 : 

PULL-UP RESISTOR , 

(HO-248/548 os C 

& HD-249/549) 4 


Note 1 
OUTPUT y +259C V 1OH=-1204A 
VOLTAGE (HIGH) OH Full Ext. 6K Res. For 
; HD-246/546 


Note 2 
OUTPUT ' +259C 0.45 045] ip, =9.6mA 
VOLTAGE (LOW) OL | Full 0.45 0.45 10mA For 

HD-246/546 
OUTPUT sli 
VOLTAGE (LOW) +259C if 
(INPUT SHORT CIRCUIT) Vousc fol = s2ma 


o 


Note 4 
HD-246 / 546 
POWER SUPPLY mi von? 
CURRENT (TOTAL) 
HD-248 / 548 & mA Note 4 
HD-249 / 549 
mA Note 5 
| PROPAGATION DELAY | tp,,, | “25° ns | 5.0 
AC 
TEST CIRCUIT 2 t +25°C 25 30 25 30 ne 5.0 
PAGE 4 PHL | Full 30 30 
NOTES: 1. (+) liq =1.5mA; (—) Input = open (For HD-248/548; 3. Both inputs shorted to Gnd; or both inputs open such 
Ext.5022 Res.or 75mV). that 50 §2 termination resistors are in the circuit. 
2. (+) Input = open; (—) jy =1.5mA. (For HD-248/548; 4. (+) Input = open; (—) lyyy = 3mA. 
Ext.50{%2Res.or 75mV) 5. (+) tin = 3mA; (—) Input = open. 
me YCe 1S Mee 
(-) INPUT Voc R1& R2 cure 
(+) INPUT Vcc R3 
(R1) OUTPUT Veg R1& R2 
(-) INPUT Ver R3 eineur 
(+) INPUT OUTPUT R3 2 
(R2) OUTPUT 6 INPUT (+) 
GND: INPUT (-) GND. 


NOTES: 

1. HO- 249/549 is as shown 

2. HD- 246/546 does not have 6K output puill- up resistors. 

3. HD- 248/548 does not have 50 §2 input termination resistors. 
4. Resistor values are nominal 
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TEST CIRCUITS 


TEST CIRCUIT 1 - TRANSMITTER PROPAGATION DELAY 


Voc=t5V 


- — - OPEN (33.2V) 


pi w—* ‘Kv 
nee o2 IN—~! |-—OPEN(=3.2V) 
7 i, comes Siiey * 
t 


I 
TLH ~ Ae, ise “t 
; <10 ns Cedi ie 
pw = 500 ns eae 


f= 1MHz ) Ir —- —- $v0.15V (= 3MA) 
Pp 2 ouT——_—_/ V—— OV 


All measurements referenced to 50 % V points 


TEST CIRCUIT 2 - RECEIVER PROPAGATION DELAY 


---——150MV 
(+) Wee = Noy 


PUT: 
igs (-) Cy Ae LL 
2 OV 
TLHIl< ! 
" 
pw = 500ns Poy 7 ae Tout 
f=1MHz beh nae SeRY: 
RECEIVER ' 
O0r war ON 
All measurements referenced to 50%V points. NOTE: External 5082 resistors needed for HD—248/548. 
APPLICATIONS 
TYPICAL APPLICATION +5V 
IN Y 
0 C2 . 1/3 HD- 246/546 OR 
fae) 0 HD- 249/549 
RCVR. 
OUT. 
a: 
@ ) 
ENABLE -5V 


~ PARTY LINE " RECEIVER 


© OUTPUT 


* HD-245/545 should be driven by open—collector gates. 
(totem—pole output may cause slight reduction in ‘‘on”’ data current) 
For more detailed information, refer to Harris Semiconductor 
application notes 205 and 207. 
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SEMICONDUCTOR Hi [1 -14 8 8 
A DIVISION OF HARRIS CORPORATION 


Quad Line Driver 


FEATURES PACKAGE 


CODE 1A TO-116 (14 LEAD CERAMIC D.1.P.) 


+6.0V OUTPUT LEVELS 
SHORT CIRCUIT PROTECTED 


USEFUL AS LOGIC LEVEL SHIFTER 
MONOLITHIC RELIABILITY 


DESCRIPTION 


The Harris HD-1488 is a quadruple line driver monolithic integrated circuit 
meeting the electrical requirements of EIA standard RS-232-C for inter- 
face between data terminal equipment and data communication equipment. 
This standard assures electrical interface compatibility between data 
equipment made by different manufacturers. The driver circuit is useful 


ALL DIMENSIONS IN INCHES 248+ ra 
ALL DIMENSIONS + .010 UNLESS —| |=-.300 


OTHERWISE SHOWN. 


8° TYP JL -\ 002 
‘ 125 


+ 020 INDEX NOTCH 


175—| - .000 


.060 
.018 +.003 


[oie 


in any application requiring transfer of digital signals up to 20K bits per 
second using common-return signal lines over relatively short distances. 
The circuit inputs can be driven from any of the popular DTL or TTL 
logic families. It is available in a 14-pin hermetic dual in-line package for 
operation from 0°C to +75°C. The companion quad line receiver circuit 
is the Harris HD-1489. 


SCHEMATIC CONNECTION DIAGRAM 


V+Q 
@ 
INPUTS 
O 
300 
@ 
e 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, V+, V- at +25°C 


+15.0V Storage Temperature 


Derate by 35mV/°C 
Input Voltage 


Operating Temperature, Ty 
V- < Vin < 7.0V 


VouT > V+ +5V 
<v- -5V 


Power Dissipation at +25°C 


Output Voltage Derate by 6.7mW/°C 


ELECTRICAL CHARACTERISTICS 


Test Conditions: V+ = +9.0V, V- = -9.0V, Ty = 0°C to +75°C unless otherwise specified. 


LIMITS 

PARAMETER SYM. | MIN. | TYP. | MAX. | UNITS 

ee “Q” 1.3 mA 
nput Current “ye 10 UA 


Output Voltage 


lor * +10 Be 
Output Short Circuit Current 

Isc. -10 

T a 
Propagation Delay PD+ 

Tpp- 


cao a co ce 


Supply Current 


Fall Time (Note 1) 


NOTES: 1. 
the load capacitance, including transmission line, should 
at least 330pF. 
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-65°C to +150°C 
0°C to +75°C 


1000mW 


TEST CONDITIONS 


Vin = 0.0V 
Vin = +5.0V 


VIN =+1.9V, Ry = 3K 
Vin = +0.8V, Ry = 3K 


Vin = 0.0V to +0.8V 
VIN = +1.9V to +5.0V 


V+ = V-=0.0V 
Vo = #2.0V 


V+ =+9.0V 
V-=-9.0V 
V+ = +12.0V 
V-=-12.0V 


V+ =+9.0V, V- = -9.0V 


V+ =+12.0V, V- =-12.0V 


Ry = 3K 2 


Cy = 15pF 
Ta = +25°C 


To maintain a maximum rate of voltage change of 30V/Us, 


be 


SEMICONDUCTOR 
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Quad Line Receiver 


FEATURES PACKAGE 


@ INPUT LEVEL HYSTERESIS CODE 1A TO-116 (14 LEAD CERAMIC D.1I.P) 


@ INPUTS WITHSTAND +30.0V 


@ PROVISION FOR THRESHOLD 
ADJUSTMENT OR NOISE FILTERING 


@ MONOLITHIC RELIABILITY ALL DIMENSIONS IN INCHES ee 300 
Eman ) 
GENERAL DESCRIPTION an, i are 
, 8° TYP ~»| ares 


The Harris HD-1489 is a quadruple line receiver monolithic integrated 
circuit meeting the electrical requirements of ELA Standard RS-232-C for 
interface between data terminal equipment and data communication 
equipment. This standard assures electrical interface compatibility 
between data equipment made by different manufacturers. The receiver 
circuit is useful in any application requiring transfer of digital signals up to 


+.020 INDEX NOTCH 
- 000 


‘ = 125 


175 —-| 


‘ .060 
.018 +.003 
| =i J .100 


20K bits per second using common-return signal lines over relatively short 
distances. The circuit outputs can drive any of the popular DTL or TTL 
logic families. It is available in a 14-pin hermetic dual in-line package for 
operation from O°C to +75°C. The companion quad line driver circuit is 
the Harris HD-1488. 


SCHEMATIC CONNECTION DIAGRAM 


Vcc 


2K 


RESPONSE OUTPUT 


CONTROL 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage +10.0V Storage Temperature -65°C to + 150°C 
Input Voltage +30.0V Operating Temperature 0°C to +75°C 
Output Current 20mA Power Dissipation at +25°C 1000mW 

Derate by 5mW/°C 


ELECTRICAL CHARACTERISTICS 


Test Conditions: Vee =+5.0V, Ty =.0°C to +75°C, 
Response control pin open unless otherwise specified. 


LIMITS 
PARAMETER SYM: | MIN. | TYP. | MAX. | UNITS | TEST CONDITIONS 


He -.43 ees Vin = -3.0V 
ly +.43 Vin = +3.0V 
Input Current 
lie -3.6 -8.3 a Vin = -25.0V 
HH +3.6 +8.3 Vin= +25.0V 
“O" 1 Vip 0.75 1.25 VoH > 2.5V F 
Input Threshold Voltage (Note 1) repel Pale Vo <.45V Ta = +25°C 
. 


D.C. “Q" VoL Vin =+1.5V, Io. = 10mA 
Output Voltage (Note 2) “TW | Von 2.6 < Vin =+0.75V, Igy =-0.5mA 
“TH 1 Von 2.6 4.0 Vin = Open, Igy =-0.5mA 


Output Short Circuit Current ot tat a Vin = +0.75V 
ee Ce 


Tpp- “a 390 
Ta = +259C 


Rise Time 175 Ry = 3.9K 82 
Fall Time 2 : : 20 Ry = 3902 
NOTES: (1) Hysteresis is typically 250mV to prevent output chatter as input signal passes 


through the threshold region. |f desired, thresholds can be made more positive 
by connecting a resistor from the response control pin to a negative supply; 

or more negative by connecting the resistor to a positive supply. A capacitor 
up to 500pF may be connected from the response control pin to ground, 
making the circuit output less sensitive to narrow noise spikes. 


(2) This assures that the output will be in the ‘’1” state if the input line is open or 
shorted to ground. 


Li- 114 


sat HD-1489A 
A DIVISION OF HARRIS CORPORATION 


Quad Line Receiver 


FEATURES | PACKAGE 


CODE 1A — TO0-116(14 LEAD CERAMIC D.1.P) 


@ INPUT HYSTERESIS 1.15V TYP. 
@ INPUTS WITHSTAND +30.0V 


@ PROVISION FOR THRESHOLD 
ADJUSTMENT AND/OR NOISE FILTERING 


@ MONOLITHIC RELIABILITY 


GENERAL DESCRIPTION 


The Harris HD-1489A is a quadruple line receiver monolithic integrated 
circuit meeting the electrical requirements of ELA Standard RS-232-C for 
interface between data terminal equipment and data communication 
equipment. This standard assures electrical interface compatibility between 
data equipment made by different manufacturers. The receiver circuit is 
useful in any application requiring transfer of digital signals up to 20K bits 


.248 
ALL DIMENSIONS IN INCHES ig 
ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


per second using common-return signal lines over relatively short distances. 
The circuit outputs can drive any of the popular DTL or TTL logic families. 
It is available in a 14-pin hermetic dual in-line package for operation from 
0°C to +75°C. Thecompanion quad line driver circuit is the Harris 
HD-1488. 


SCHEMATIC 


Vcc 
7] 


9K 


RESPONSE 
CONTROL 


INPUT 


GND 


Li- 115 


LINEAR 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage +10.0V Storage Temperature -65°C to +150°C 
Input Voltage +30.0V Operating Temperature 0°C to +75°C 
Output Current 20mA Power Dissipation at +25°C 1000mW 

Derate by 5mW /°C 


ELECTRICAL CHARACTERISTICS 


Test Conditions: Vece = +5.0V, Ty = O°C to +75°C, 
Response control pin open unless otherwise specified. 


LIMITS 


PARAMETER SYM: | MIN. ] TYP. | MAX. | UNITS | TEST CONDITIONS 
Ne -.43 mA Vin = -3.0V 
lH | (+43 Vin = +3.0V 
Input Current 
Ne -3.6 -8.3 vai Vin = -29.0V 
ly | +3.6 +8.3 Vin = +25.0V 
“or tev 0.75 1.25 Vou >2.5V 
Input Threshold IL OH= = +250 


Vin =t1. 5V, loL= 10mA 
V Vin =+0.75V, Igy =-0.5mA 
Vin = Open, Ioy =-0.5mA 


ao P= [oncom 


D.C. 
Output Voltage (Note 2) 


Output Short Circuit Current 


(a Delay Tpp+ Ry, =3.9KL2 
Tpp- R) = 39022 
Ta = +259C 


Rise Time 175 Ry, =3.9KL2 
Fall Time : ; ; 20 Ry = 390 £2 
NOTES: (1) Hysteresis is typically 1,15V to prevent output chatter as input signal passes 


through the threshold region. If desired, thresholds can be made more positive 
by connecting a resistor from the response control pin to a negative supply; 

or more negative by connecting the resistor to a positive supply. A capacitor 
up to 500pF may be connected from the response control pin to ground, 
making the circuit output less sensitive to narrow noise spikes. 


(2) This assures that the output will be in the “1” state if the input line is open or 
shorted to ground. 
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SEMICONDUCTOR Hi | = 2 0 0 
A DIVISION OF HARRIS CORPORATION 


Dual SPST CMOS Analog Switch 


FEATURES DESCRIPTION 


The HI-200 is a monolithic device consisting of two inde- 
pendently selectable SPST switches. High switching speeds at 
low power levels are simultaneously achieved using the Harris 
Dielectric Isolation, Complementary MOS process. Latch-up 
or SCR phenomenon is inherently non-existent with this 
process. The device is packaged in a 10 pin TO-100 hermetic 
can and is available in both military and commercial temp- 
erature ranges. 


ANALOG SIGNAL RANGE 
TURN-ON TIME (TYP) 

Ron <60Q(TYP) AT +25°C 
SWITCH CURRENT AT +25°C 

LOW POWER DISSIPATION 
DTL/TTL AND CMOS COMPATIBLE 
NO LATCH-UP 


PIN OUT PACKAGE 


CODE 2G TO-100 


TOP VIEW 


BOTTOM VIEW 


.230 Typ. 


‘ 10 Leads 
.017 Typ. 


Seating Plane 


FUNCTIONAL DIAGRAM 


C) IN 1 


Ay 


r) OUT 1 


SWITCH OPEN 
FOR LOGIC HIGH 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Between Pins 6 and 10 40V Total Power Dissipation 450mW 
Vp_er to Ground +20V, -5V Operating Temperature 
Digital Input Voltage: +Vsupply +4V H|I-200-2 -55°C to +125°C 
-Vsupply -4V H1-200-5 0°C to +75°C 
Analog Input Voltage (One Switch) Storage Temperature -65°C to +1509C 
+Vsupply +2.0V | P 
-Vgupply -2.0V *Derate 6 mW/°C above Tp = 75°C 


ELECTRICAL CHARACTERISTICS 


Unless Otherwise Specified 
Supplies =+15V,-15V; Vpee (Pin 7) = Open; Vay (Logic Level High) =3.0V Vay (Logic Level Low) = +0.8V 
For Test Conditions, consult Performance Characteristics 


-55°C to +125°C 0°C to +75°C 
PARAMETER TEMP. | MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | UNITS 
ANALOG SWITCH CHARACTERISTICS 
*Vs, Analog Signal Range V 
* Ron, On Resistance (Note 1) 2 
2 
* IS (OFF), Off Input Leakage Current nA 
nA 
*ID(OFF), Off Output Leakage Current nA 
nA 
*ID(ON). On Leakage Current nA 
nA 
DIGITAL INPUT CHARACTERISTICS 
VAL, Input Low Threshold V 
VAH, Input High Threshold V 
* ta, Input Leakage Current (High or Low) (Note 2) HA 
SWITCHING CHARACTERISTICS 
tOPEN, Break - Before Make Delay (Note 3) ns 
ton, Switch on Time es 
toff, Switch off Time ns 
“Off Isolation’ (Note 4) dB 
CS (OFF), Input Switch Capacitance pF 
CD (OFF). pF 
Output Switch Capacitance 
CD(ON), pF 
Ca, Digital Input Capacitance pF 
Cbs (OFF), Drain-To-Source Capacitance pF 
POWER REQUIREMENTS (Note 5) mW 
Pp, Power Dissipation 60 mW 
A 
* 1+ Current (Pin 10) 2.0 WA 
* \- mA 
I~, Current (Pin 6) 20 a 


NOTES: 1. Voyt * +10V louT~ IMA 4. Va +3V,R 
2. Digital Inputs Are MOS Gates Typical Leakage is f, 100 kHz 
Less Than 1nA 5.V 
Oa Vay 4.0V 


*100% Tested For DASH 8 
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=1KQ), Cc, = 10PF, Vo = 3VRMS, 


L 


ae +3V or Va = OV For Both Switches 


SCHEMATIC DIAGRAMS 


TTL/CMOS 
REFERENCE CIRCUIT 


SWITCH CELL 


OUTPUT 


DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER P3 


V+ 
D, TO Vit 
D 
; TO VReF 
200 22 
V- 
A 
ALL N-CHANNEL 
BODIES TO V- 
ALL P-CHANNEL s 
BODIES TO V+ 
EXCEPT AS SHOWN. L 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 


(UNLESS OTHERWISE SPECIFIED T, = 25°C, Veypp, y = + 15V, Vay = 3.0V Vay = 0.8V AND Veer = OPEN). | 


ON RESISTANCE vs. ANALOG SIGNAL LEVEL, 
SUPPLY VOLTAGE AND TEMPERATURE 


1mA 


= 
<= 
oS 
= 
£ 
g 
oc 
i—_ 
ros) 
Ambient Temperature -°C 
(HI-200) ; 
ON RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 
= 
<= 
oO 
: 
= 
g 
oc 
om 
oS 


Analog Signal Level - Volts 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued) 


SWITCH LEAKAGE CURRENT vs. 
TEMPERATURE (HI-200) 


OFF LEAKAGE CURRENT 
vs. TEMPERATURE 


Ig (OFF) Ip (OFF) 


cgi 


mer +15V = ea 


TN 
TN 


< 
c 
| 
~ 
Cc 
@ 
hw 
hee 
~ 
i) 


ON LEAKAGE CURRENT 
vs. TEMPERATURE 


+15V 


Jl 
+25°C +§0°C +75°C +100°C +125°C 


Temperature 


SWITCH CURRENT vs. VOLTAGE 


SWITCH CURRENT 
vs. VOLTAGE 


Switch Current - mA 


Voltage Across Switch - Volts 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued) 


(HI-200) 
SWITCH TIME vs. TTL LOGIC LEVEL 


| ON/OFF SWITCH TIME vs. 
AER ERAAEAA LOGIC LEVEL 
Mt eee eee 5 a0 
iNet | TT tT 
U 
P| AL 


BREAK—BEFORE—MAKE 


Switch Time - ns 


DIGITAL 
INPUT 


SWITCH 
OUTPUT 


ton, tore (TTL INPUT) ton, tope(CMOS INPUT) 
Vay = +4.0V Vref = OPEN, Vay = ti5V 


ode Te Wot dete sles) SERSRRE ARE 

pT Tt et TT See 
ae AER ae SRS 

tae Ae 


tele 
fe Ae de oh IN es LN! |} AL) 


Top: TTL Input ~—“ Vertical: 2V/Div. Top: CMOS Input Vertical: 5V/Div. 
Bottom: Output Horizontal: 200ns/Div. Bottom: Output Horizontal: 200ns/Div. 
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SEMICONDUCTOR 
A DIVISION OF HARRIS CORPORATION a 


Quad SPST CMOS Analog Switch 


FEATURES DESCRIPTION 


The HI-201 is a monolithic device consisting of four inde- 
pendently selectable SPST switches. High switching speeds at 
low power levels are simultaneously achieved using the Harris 
Dielectric Isolation, Complementary MOS process. Latch-up 


@ ANALOG SIGNAL RANGE 

@ TURN-ON TIME (TYP) 

@ ON RESISTANCE (TYP) 

@ NO LATCH-UP 

@ NO DIGITAL INPUT CURRENT SPIKE 
@ DTL/TTL AND CMOS COMPATIBLE 


or SCR phenomenon is inherently non-existent with this 
process. The device is packaged in a 16 pin hermetic Dual 

In-Line and is available in both military and commercial temp- 
erature ranges. 


PIN OUT PACKAGE 


CODE 1W 16 LEAD D.1.P. 


9 10 11 12 13 14 15 16 


018 + .003 
. 100 


FUNCTIONAL DIAGRAM 


TYPICAL SWITCH 


IN 
@ 
A 
e : 
SWITCH OPEN OUT 
FOR LOGIC HIGH U 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Between Pins 4 and 13 40V Total Power Dissipation 750mW 
Veer to Ground +20V, -5V Operating Temperature 
Digital Input Voltage: Vsupply(+) +4V H1-201-2 -55°C to +125°C 
Vsupply(-) -4V HI-201-5 0°C to +75°C 
Analog Input Voltage (One Switch) Storage Temperature -65°C to +150°C 
+Vsupply +2.0V 
-Vgupply ~2-0V “Derate 8 mW/°C Above Ty = +75°C 


ELECTRICAL CHARACTERISTICS 


Unless Otherwise Specified 
Supplies=+15V,-15V; Vpeg (Pin 7) = Open; Vay (Logic Level High) = 3.0V Va, (Logic Level Low) = +0.8V 
For Test Conditions, consult Performance Characteristics 


HI-201-2 HI-201-5 
55°C to +1250C 0°C to +759C 
PARAMETER TEMP. | MIN. | TYP. | MAX. [| MIN. | TyP. | MAX. | UNITS 


ANALOG SWITCH CHARACTERISTICS 
% . Seca a 
Vs, Analog Signal Range 


V 
* Ron, On Resistance (Note 1) 65 Q 
85 Q 
*IS(QFF), Off Input Leakage Current 2 nA 
nA 
*ID(OFF), Off Output Leakage Current 2 nA 
nA 
*Ip(ON), On Leakage Current 2 nA 
nA 
DIGITAL INPUT CHARACTERISTICS 
VAL, Input Low Threshold Full 0.8 V 
V AH. Input High Threshold | Full 3.0 V 
"IA, Input Leakage Current (High or Low) (Note 2) Full 1.0 LA 
SWITCHING CHARACTERISTICS 
tOPEN, Break - Before Make Delay (Note 3) +259C ns 
ton , Switch ON Time +25°C 500 ns 
toff, Switch OFF Time +259 500 ns 
“Off isolation’ (Note 4) +25°C dB 
Cs (OFF), Input Switch Capacitance +25°C pF 
CD (OFF). +25°C pF 
Output Switch Capacitance 
Cp(ON) + 25°C ne 
Ca, Digital Input Capacitance +25°C pF 
Cos (OFF). Drain-To-Source Capacitance +259 pF 
POWER REQUIREMENTS (Note 5) mW 
Pp, Power Dissipation 60 mW 
0.5 mA 
*\+. Current (Pin 13) 2.0 mA 
. 0.5 mA 
\— Current (Pin 4) 2.0 mA 
NOTES: 1. Voy7 = +10V Igyt = IMA 4. V, =5V,R, =1K92, C, = 10PF, Vg = 3VRMS,f = 100KHz 
2. Digital Inputs Are MOS Gates - Typical Leakage is 5. Va = +3V or Va, = OV For all Switches 


Less Than 1nA 
3. ViAH =4.0V 


: *100% Tested For DASH 8 
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SCHEMATIC DIAGRAMS 


TTL/CMOS 


REFERENCE CIRCUIT 


SWITCH CELL 


OUTPUT 


DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 


V+ 
TO 
D, Vit 
: TO 
. VREF 
200 Q * 
V- 
A 
ALL N-CHANNEL 
BODIES TO V- 
ALL P-CHANNEL 
BODIES TO V+ 
EXCEPT AS SHOWN. U 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 


(UNLESS OTHERWISE SPECIFIED T, = 25°C, Voyppy y = £15V, Vay = 3.0V Vay = 0.8V AND Vpee = OPEN). 


ON RESISTANCE vs. ANALOG SIGNAL LEVEL, 
SUPPLY VOLTAGE AND TEMPERATURE 


mA 


On Resistance - Ohms 


Ambient Temperature - °C 


(H1I-201) 
ON RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


pt ity tT tty 
a 


100 


CK 
ARS 
ze! 

mi 


Lede wicats 
pt AY | 


On Resistance - Ohms 


-§ 0 


-15 -10 
Analog Signal Level - Volts 


+5 +10 +15 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued) 


SWITCH LEAKAGE CURRENT vs. 
TEMPERATURE (HI-201) 


— 
So 
S 


NII 


PSU UTM 


OFF LEAKAGE CURRENT 
vs. TEMPERATURE 


ls (OF F) Ip (OFF) 


IS(OFF)/'D(OFF) 


Current — nA 


AN TTHIE ETT 


TN 
NT 


ON LEAKAGE CURRENT 
vs. TEMPERATURE 


é a 


LL 


+250C +50°C +75°C +100°C +1259C 


Temperature 


SWITCH CURRENT vs. VOLTAGE 


SWITCH CURRENT 
vs. VOLTAGE 


Switch Current - mA 


Voltage Across Switch - Volts 
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SWITCHING WAVEFORMS 


LINEAR 


Li- 128 


picitaL AH 


INPUT 


SWITCH 
OUTPUT 
ton. torr(TTL INPUT) ton. tore (CMOS INPUT) 
Vin = 3.5V Veep = OPEN, Viq = +15V 


Top: TTL Input Horizontal: 100ns/Div. Top: CMOS Input Vertical: 5V/Div. 
Bottom: Output Vertical: 2V/Div. Bottom: Output Horizontal: 100ns/Div. 


HARRIS H1-506A/HI-507A 


A DIVISION OF HARRIS CORPORATION 


16 Channel Analog Multiplexer 
with Overvoltage Protection 


FEATURES PIN OUT/TRUTH TABLE 


@ ANALOG/DIGITAL OVERVOLTAGE PROTECTION 
@ FAIL SAFE WITH POWER LOSS (NO LATCHUP) 

@ BREAK BEFORE MAKE SWITCHING 

@ DTL/TTL AND CMOS COMPATIBLE 

@ ANALOG SIGNAL RANGE +15V 

@ ACCESS TIME 500ns TYP. 


@ SUPPLY CURRENT AT 1MHz 
ADDRESS TOGGLE 4mA TYP. 


@ STANDBY POWER 7.5mW TYP. 


DESCRIPTION 


The HI-506A and HI-507A analog multiplexers are constructed 
with the Harris Dielectric !solation, Complementary MOS pro- 
cess. Digital and Analog inputs are protected from overvoltage 
inputs that exceed either supply voltage with no channel inter- 
action. Channel interaction is also eliminated in the event of 
power loss. The HI-506A is a single-ended 16 channel multiplexer 
while the HI-507A is a differential 8 channel version. The 
devices are packaged in a 28 pin dual-in-line package and are 
available in both military and commercial temperature ranges. 


PACKAGE 


Top View 


+V SUPPLY 1 28 OUT 
crs 27 -V SUPPLY 


areas 26 IN8 

ated 25 NT 

ans 24 ING 

ata é 23 INS 

IN 137 22 IN4 

ia 8 21 1N3 

IN 10 10 19 INI 

earas 18 ENABLE 
anD 17 ADDRESS Ag 


Vagr 13 16 ADDRESS A, 
ADDRESS Ay 14 15 ADDRESS Az 


x 
- 


ZzrTrTrTrTrtrtT rerrrrrrerer x 
zerrrrerzrrxrtereree 
Brerrezrrerrztrerrzrirererx 
zererztrereeztrezrzteretersztrirte x 
ZBFtTtTettFItEsFRTFTtTATATTES 


CODE 1L HI-507A 
28 LEAD D.I.P. TOR Vlew 
PIN ONE +VSUPPLY 1! 28 OUTA 
IDENT. OUTB 2 27 -VSUPPLY 
NC 3 26 IN 8A 
IN8B 4 25 IN7A 
IN7JB 5 24 INGA 
INGB 6 23 IN 5A 
IN5B 7 22 IN 4A 
IN4B 8 21 IN 3A 
IN3B 9 20 IN 2A 
IN 2B 10 19 IN TA 
IN 1B 11 18 ENABLE 
oor mae a. aieuae ian! GND 12 17 ADDRESS Ag 
|«—— 637 >| | +- ss0max.— | Vrer 13 16 ADDRESS Ay 
—=_-; NC 14 15 ADDRESS Az 
, y 010 + 002 ‘Al. 
075 


—>} je— 8° TYP. 


4— .100 


z = 
auyuaAmArwn=F 
m 


Li- 129 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Between Pins 1 and 27 40V Total Power Dissipation* 1200mW 

Vref to Ground +20V Operating Temperature: 

Ven, VA, Digital Input Overvoltage: HI-506A/HI-507A-2 -55°C to +125°C 
VSupply(+) +4V H!-506A/HI-507A-5 0°C to +75°C 


| VA | VSupply!-) -4V Storage Temperature 65°C to +150°C 
Analog Input Overvoltage: 
Vv | VSupply(+) +20V 
Vsupply(-) -20V *Derate 8mW/°C above Ty = +25°C 


ELECTRICAL CHARACTERISTICS 


Unless Otherwise Specified. 
Supplies=+15V, -15V; VReF (Pin 13) = Open; Vay (Logic Level High) = +4.0V; Vay (Logic Level Low) = +0.8V 
For Test Conditions, consult Performance Characterisitcs section. 


HI-506A/507A-2 H!-506A/507A-5 
-§5°C to +125°C 0°C to +75°C 
PARAMETER TEMP. | MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | UNITS 


ANALOG CHANNEL CHARACTERISTICS 


* Vg, Analog Signal Range V 
* Ron, On Resistance (Note 1) KS2 
KS2 
* IS (OFF), Off Input Leakage Current nA 
nA 
* ID(OFF). Off Output Leakage Current _ nA 
H!-506A nA 
HI-507A nA 
- ID(OFF) with Input Overvoltage Applied (Note 2) nA 
LA 
* 1b (ON), On Channel Leakage Current nA 
Hi-506A nA 
HI-507A nA 
DIGITAL INPUT CHARACTERISTICS 
VAL, Input Low Threshold V 
VAH, Input High Threshold pat V 
VAL V 
VAH MOS Drive (Note 3) V 
* tA, Input Leakage Current (High or Low) LA 
SWITCHING CHARACTERISTICS 
ta, Access Time Us 
tQPEN, Break - Before Make Delay ns 
TON (EN), Enable Delay (ON) ns 
tOFF (EN). Enable Delay (OFF) ns 
“Off Isolation” (Note 4) dB 
Cs (OFF), Channel Input Capacitance pF 
Co (OFF), Channel Output Capacitance HI-506A pF 
HI-507A pF 
Ca, Digital input Capacitance pF 
-CDS (OFF), Input to Output Capacitance pF 
POWER REQUIREMENTS 
Pp, Power Dissipation mW 
*1+, Current Pin 1 (Note 5) mA 
*1- Current Pin 27 (Note 5) mA 
*1+, Standby (Note 6) mA 
*1- Standby (Note 6) mA 
NOTES 4. Vout = 110V, lout = -100 MA 5. Ven = +4.0V 
2. Analog Overvoltage = + 33V 6. Ven =0.8V | 
3. Vref =+10V 7. To drive from DTL/TTL circuits, 1KQ2Pull-up 
4. Ven = 0.8V, Ry = 1K, CL = 7pF, Vg = 3VRMS, f = SOOKHz resistors to +5.0V supply are recommended 


%* 
. 100% Tested For DASH 8 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 


(UNLESS OTHERWISE SPECIFIED Tp = 25°C, VoyPPLY = +15V, Vay =t4V, Vay = 0.8V AND Voce = OPEN.) 


ON RESISTANCE vs. 
TEST CIRCUIT INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 


ON RESISTANCE NORMALIZED ON RESISTANCE 
vs. ANALOG INPUT VOLTAGE vs. SUPPLY VOLTAGE 


+125°C >T, >-55°C 
VIN =+6V 


On Resistance -—K 
Normalized on Resistance 


(Referred to Value at +15Volts) 


: -2 0 2 Ct ‘ ¢ ¢ +10. +12) +12)413 404418 
Vin - Analog Input (Voits) Supply Voltage (Volts) 


TEST CIRCUIT OFF LEAKAGE CURRENT 
NO.2 vs. TEMPERATURE 


Is(OFF) 


PE LE SAT 
REET) LNA RL ESET PEE Te Ee 
RTS ee Me eee 
Tine Ee 
SESE See Ree 
— 


OFF OUTPUT 
LEAKAGE CURRENT 


ee er 


ON LEAKAGE CURRENT 
vs. TEMPERATURE 


Leakage Current 


= a TEST CIRCUIT 
NO.3 


ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 


TEST CIRCUIT 


a a or ae 
(ae ae ee oe > a No.4 


ANALOG INPUT ee ars 


CURRENT (jy) 
are 


UTPUT OFF 
EAKAGE CURRENT 
FF 


(1),y) Analog Input Current (mA) 


Vin - Analog Input Overvoltage (Volts) 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued) 


ON CHANNEL CURRENT vs. 3 
r TEST CIRCUIT ON CHANNEL CURRENT 
vs. VOLTAGE 


| - Switch Current -mA 


TEST CIRCUIT © +15/+10 
NO.6 SUPPLY CURRENT 


SUPPLY CURRENT vs. TOGGLE FREQUENCY vs. TOGGLE FREQUENCY (A) +ISUPPLY 


+V 
IN1 ) +10/+5 


o-¢ 
<3 
< 
= 
£ 
i 
3 
oO 
= 
a 
a 
3 
” 
‘ 
+ 


14 pf 
10M 
0 00K Van = 4V O si 
Toggle Frequency, Hz Va Vat = 0.8V 


50% DUTY CYCLE = (A) -IsuPPLy 


SIMILAR CONNECTION FOR HI-507A A) -15/-10 


ACCESS TIME 
vs. LOGIC LEVEL (HIGH) 


ACCESS TIME vs. LOGIC LEVEL (HIGH) TEST CIRCUIT 
NO.7 
VREF vt 
3 iN 1 


Vref = OPEN FOR Vay <4V IN 2 THRU IN15 
Vrer = Vay FOR Vay 2 4V 


ta - Access Time ( ns) 


8 9 10 11 12 13 14 15 
Va ~Logic Level (High), Volts 


SWITCHING WAVEFORMS | 


ACCESS TIME 


VaH= 4.0v ADDRESS Sere oe 
sae | me INPUT | 3 Lendl ad 
A 
“N AW Vat = 0.8V 2V/DIV. = ai | 
| 
wy HH As eee ee 
OUTPUT . 
| tt | et | Ay 
a | f 
7 | tT f 
| l OUTPUT A 
t 5V/DIV. 
—+>| 'A [e— 


CARRE HAR 


200ns/Div. 
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SWITCHING WAVEFORMS (continued) 


TEST CIRCUIT 


NO.8 BREAK BEFORE MAKE DELAY (topen) 


BREAK BEFORE MAKE DELAY (tgpen) 


ADDRESS 
DRIVE (Va) 


OUTPUT 
50% 
'V; 


—H ee — 
tOPEN 


50% 


100ns/Div. 


SIMILAR CONNECTION FOR HI-507A 


TEST CIRCUIT 


NO.9 ENABLE DELAY (tgny(en). (OF F(EN)! 


ENABLE DELAY (TONTEN)- (OF F(EN)! 


ENABLE DRIVE 
VaH = 4.0V 


; anf ---k 
| ; 
| , Vau=0eV 
| 
| 
| 


OUTPUT at [i] 


aid 
CCA ae 
COAT ONS 
COC 


100ns/Div. 
SIMILAR CONNECTION FOR HI-507A 


SCHEMATIC DIAGRAMS | 


FUNCTIONAL BLOCK DIAGRAM HI-506A 


FUNCTIONAL BLOCK DIAGRAM HI-507A 


| ii | aia eda | i -_— = we oe ow ~ eS re es | a —_cam a om am op 7 
IN 1 | t i | IN 1A 
Ao | | | | | a | 
) > 1 | | 
rot : ED; | 
| as 1 
Al ot ' i : | = | 
- con ee 
DIGITAL | | | 
ADDRESS { \ DIGITAL Jy I i : | , _ (TOSEVEN 
\ ' ADDRESS j > , OTHER 
A? 1! j SWITCHES) 
{ ' OUT ! i by | sours 
, | | Rane bo boy A | (ToseveN 
, i Ap > , i | } OTHER 
A3 1 ; ; SWITCHES) 
! | | | 
; 1 ot | 
oy | ly = | 
\ | ; — IN 18 
] \ 
EN { J 
ares IN BA 
i 1 il IN 16 | cd 2 ABOVE | 
Ge ets ee Lescoteme aS L _ =p es ew am = m | EN 1 are | 1 t IN 8B 
ADDRESS INPUT BUFFER DECODERS MULTIPLEX 
AND LEVEL SHIFTER SWITCHES Be eee asl Peete) Us eee es J 
ADDRESS INPUT BUFFER DECODERS MULTIPLEX 
AND LEVEL SHIFTER SWITCH PAIRS 
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SCHEMATIC DIAGRAMS (continued) 


TTL REFERENCE CIRCUIT 


ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 


= ap a an ao «= as oe oa ow af 


LEVEL 
SHIFTED 
ADORESS 


OVERVOLTAGE 
0 G TO DECODE 


PROTECTION 


LEVEL 
SHIFTED 
ADORESS 
TO DECODE 


Gare ee ee Garg Sees 


ADDRESS DECODER 


TO P-CHANNEL 
DEVICE OF 


DELETE A3 or A3 THE SWITCH 


INPUT FOR HI-507A 


TO N-CHANNEL 
DEVICE OF 
THE SWITCH 


ENABLE 


FROM MULTIPLEX SWITCH 


DECODE 


ey a ae ee a te 


FROM 
DECODE >: 
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SEMICONDUCTOR 
A DIVISION OF HARRIS CORPORATION = 


8 Channel Analog Multiplexers 
with Overvoltage Protection 


FEATURES PIN OUT/TRUTH TABLE 


HI-508A 


@ ANALOG/DIGITAL OVERVOLTAGE PROTECTION 
@ FAIL SAFE WITH POWER LOSS 

@ BREAK BEFORE MAKE SWITCHING 

@ OTL / TTL AND CMOS COMPATIBLE 


@ ANALOG SIGNAL RANGE +15V ae 

@ ACCESS TIME 500ns TYP. 

@ SUPPLY CURRENT AT 1MHz Rae 
ADDRESS TOGGLE 4mA TYP. 

@ STANDBY POWER 7.5mW TYP. 


rrrtrerr xi? | 
Pane Seo oe 
foe ie eee | 
a ee 


On OD mM & |W HR = 


DESCRIPTION 


The Hi-508A and HI-509A analog multiplexers are constructed 
with the Harris Dielectric Isolation, Complementary MOS pro- 
cess. Digital and Analog inputs are protected from overvoltage 
inputs that exceed either supply voltage with no channel inter- 
action. Channel interaction is also eliminated in the event of 
power loss. The HI-508A is a single-ended 8 channel multiplexer 
while the HI-509A is a differential 4 channel version. The 
devices are packaged in a 16 pin dual-in-line package and are 
available in both military and commercial temperature ranges. 


HI-509A 


PACKAGE 


CODE 1F 16 LEAD D.I.P. 


ALL DIMENSIONS IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


INDEX NOTCH 


{A iret aleciamcemesacl 


.010 + .002 
- 002 
.200 MAX 


ro & i hed ks a 


.040 


100 TYP. 
NON-CUMULATIVE 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS | 
Voltage between Supply Pins — 40V Total Power Dissipation* 725 mW 


Operating Temperature: 


VEN: V aq, Digital Input Overvoltage: H!-508A/HI-509A-2 -55°C to +1259C 
Veupply(t) +4V HI-508A/HI-509A-5 0°C to +75°C 
VA upply | 
| Vsupply (-) -4V Storage Temperature -65°C to +150°C 


Analog Input Overvoltage: 


V (+) +20V 
V ee Supply 
: Vsupply (-) -20V *Derate 8mW/°C above tp = 75°C 


ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified. 

Supplies= +15V, -15V; VReg (Pin 13) = Open; Vay (Logic Level High) = +4.0V: VAL (Logic Level Low) = +0.8V 
For Test Conditions, consult Performance Characterisitcs section. | 


H1-508A/509A-2 H1-508A/509A-5 


-§5°C to +125°C 0°C to +75°C 


ANALOG CHANNEL CHARACTERISTICS 


"Vo, Analog Signal Range V 
* Ron, On Resistance (Note 1) K 2 
K 2 
* Isiggp), Off Input Leakage Current nA 
nA 
*IDIOFE)- Off Output Leakage Current nA 
nA 
*Io(OFF) with Input Overvoltage Applied (Note 2) nA 
LA 
* IDION)- On Channel Leakage Current nA 
nA 
DIGITAL INPUT CHARACTERISTICS 
Vat. Input Low Threshold (Note 6) V 
Van, Input High Threshold V 
*1n, Input Leakage Current (High or Low) pA 
SWITCHING CHARACTERISTICS 
ta, Access Time Ms 
topen, Break - Before Make Delay ns 
toN(EN), Enable Delay (ON) ns 
tOFF (EN): Enable Delay (OFF) ns 
“OFF Isolation” (Note 3) dB 
Cy (OFF): Channel Input Capacitance pF 
Co (OFF) Channel Output Capacitance 
HI-508A pF 
HI-509A pF 
Ca, Digital Input Capacitance pF 
Cos (OFF), Input to Output Capacitance pF 
POWER REQUIREMENTS 
Pry, Power Dissipation Full 7.5 7.5 mW 
* 1+, Current (Note 4) Full 0.5 2.0 0.5 5.0 mA 
*1- Current (Note 4) Full 0.02 | 1.0 0.02 | 2.0 mA 
*1+, Standby (Note 5) Full 0.5 2.0 0.5 | 5.0 mA 
* 1-, Standby (Note 5) Full 0.02 | 1.0 0.02 | 2.0 mA 
NOTES: 1. VoytT =210V, loyutT= -100 MA 4. Ven = +4.0V 
2. Analog Overvoltage = t 33Vv 5. Ven = 0.8V 


3. VEN =0.8V, R, =1K,C, =7PF, Vg = 3V RMS, f = SOOKHz 6. To drive from DTL/TTL Circuits, 1K QQ pull-up 


resistors to +5.0V supply are recommended 
*100% Tested For DASH 8 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 


(UNLESS OTHERWISE SPECIFIED Tp = 25°C, Voyppry = +15V, Vay = +4V, Vay = 0.8V 


TEST CIRCUIT Row = a ON RESISTANCE vs. 
NO. 1 INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 


ea a A a a RS ee GS | _#1250C >T, 2-55°C 


a a ae ee ae 
a a ep ee 
Po 


esistance —K 2 


— 
= ae ee (a ae 
fon 


Normalized on Resistance 
Referred to Value at +15Volts) 


+100 +11 +12, +13 «+14 == «+15 
Supply Voltage - Volts 


LEAKAGE CURRENT vs. TEMPERATURE TEST CIRCUIT OFF LEAKAGE CURRENT vs. TEMPERATURE 


NO. 2 
100nA Is(OFF) Ip (OFF) 


TEST CIRCUIT 


NO. 3 
M OFF INPUT 
LEAKAGE CURRENT 
Ig (OFF) 


ANALOG INPUT OVERVOLTAGE CHARACTERISTICS ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 


TEST CIRCUIT 
NO. 4 


am 
LO ee en! 
— OUTPUT OFF 

= 


LEAKAGE CURRENT 
Ip (OFF) 


18 421 424 «427 430 
Vin - Analog Input Overvoitage (Volts) 


#33436 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued) 


ON CHANNEL CURRENT vs. VOLTAGE = TEST CIRCUIT 
NO.5 ON CHANNEL CURRENT 


vs. VOLTAGE 


| - Switch Current - mA 


TEST CIRCUIT 
NO.6 | @ +ISUPPLY 
SUPPLY CURRENT vs. 
TOGGLE FREQUENCY 


oe x 
| oS, 
a A R= a 
| 


VAH = 4V 
Va {Vay = 0.8V 
50% DUTY CYCLE 
*SIMILAR CONNECTION FOR HI-509A 


Toggle Frequency, Hz 


TEST CIRCUIT ACCESS TIME vs. 
ACCESS TIME vs. LOGIC LEVEL (HIGH) NO.7 LOGIC LEVEL(HIGH) 


IN 1 


IN 2 THRU IN7 


H1-508A 


ta - Access Time (ns) 


8 9 10 4 #12 13 «14 «15 
Vay ~Logic Level (High), Volts 


SWITCHING WAVEFORMS 


ACCESS TIME 


Vai = 40 ADDRESS 
DRIVE (Va) 

2V'AH Vat = 0.8V 

| 
“soy Ree eae 
— + 

: Pt it tet | yy 

| a -10V 

! ee. ‘7 
| | 
| ae Ss 
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SWITCHING WAVEFORMS (continued) 


TEST CIRCUIT 
NO. 8 
BREAK BEFORE MAKE DELAY (tgpew) 


ADDRESS 
DRIVE (Va) 


OUTPUT 


50% 


'OPEN 


*SIMILAR CONNECTION FOR HI-509A 


TEST CIRCUIT 
NO. 9 
ENABLE DELAY (ton(en), tof F(EN)) 


ENABLE DRIVE 


IN 1 
A2)*HI-508A yg 


THRU 


IN 8 


—> 'ON(EN) e— | toge 
| (EN) i 


* SIMILAR CONNECTION FOR HI-509A 


BREAK BEFORE MAKE DELAY (tgpen) 


E Weoeemicis 
+ VaINPUT| | 
aGdlae 
YY: OUTPUT Aya 
CCEA AE 


100ns/Div. 


ENABLE DELAY (toN(EN). toFF(EN)) 


Sh 
mn + {| fy 
OUTPUT Xe 
2V/DIV. 
Ed ee 


100ns/Dwv. 


SCHEMATIC DIAGRAMS 


FUNCTIONAL BLOCK DIAGRAM 


FUNCTIONAL BLOCK DIAGRAM 


r ep Ge ase == ae | i —_ ane a= «=p | ene ae ese a= =a — er ap ep Gp eu oe | c —_asP ae om me | rT = OS ee OED OE ~— 
( IN 1 } ! | | } IN 1A 
Ao ' ’ ‘ ! 
| ‘ Ma > , 
l ' 
] , t 
| ' 
Ay l ; QUTA 
DIGITAL { 
ADORESS { Ay 
{ 
cae DIGITAL I 
{ OUT JAODRESS | IN 4A 
\ i 
IN 18 
" | 
1 { 
1 EN 
\ i 
\ " OUTB 
1 i . 
{ | 
EN es | 
' ' IN 8 | 
ADDRESS INPUT BUFFER DECODERS MULTIPLEX i 
AND LEVEL SHIFTER SWITCHES A So ed pean | Lees | 
ADDRESS INPUT BUFFER DECODERS MULTIPLEX 
AND LEVEL SHIFTER SWITCHES 
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SCHEMATIC DIAGRAMS (continued) 


TTL REFERENCE CIRCUIT 


Pe ge bee ee 7 
| v+ | 
| 
! ADDRESS INPUT BUFFER 
a : AND LEVEL SHIFTER 
| 
| aN 
i 
IDA | 
fee Seas! ge td 


LEVEL SHIFTER 


Tr 

| V+ | 

) pe we Ey ee ay el 

| 

i } LEVEL 

! SHIFTED 
OVERVOLTAGE P RS R] ADDRESS 
PROTECTION Pape! | To DECODE 

| E | 

| R6 R8 I Lever 

{ Ny SHIFTED 

| ADDRESS 

| aa = a a a is ae | TO DECODE 

i 

| 

1 GNO 

L_ —_—_asn eweenrweane a= emp eee epee =P eae oe ee awee ewe em ae «pe «+= =e ae age =ae@eam=@a»Pa@ampme=p === qe ean «a a 


ADDRESS DECODER 


TO P.CHANNEL 
DEVICE OF 
THE SWITCH 


DELETE A,0R ry 
INPUT FOR HI-509A 


TO N-CHANNEL 
DEVICE OF 
THE SWITCH 


ENABLE 


FROM 
OECOODE 


MULTIPLEX SWITCH 


FROM 
DECODE 
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SEMICONDUCTOR H1-1080/HI-1085 


8-Bit D to A Converter 
High Speed Monolithic 


FEATURES FUNCTIONAL DIAGRAM 


@ ACCURACY — _— (HI-1080) } Guaranteed —55° to +125°C 


: O +750 —_ > — + 
(H1-1085) or OY to +75°C aot 


CURRENT 
ORIVER Oo —REF 
CONTROL 


«4 +5v 


9 GND 


@ SPEED 1.5 Microseconds settling to % L.S.B. 


@ VERSATILITY — Unipolar, Bipolar, Offset Operation 
Positive or Negative External Reference 
Taps Provided for Scale Factor Adjustment 
Provision for Cascading Converters 
Matched Amplifier Feedback Resistors 
Inputs DTL/TTL Compatible 


LADDE 
EXTENSION 


LADDER J - 
TERMINATION — 07 


LADDER BUS9O O at 
D6 


@ RELIABILITY — Monolithic Construction 
Meets Requirements of MIL-STD-883 


GENERAL DESCRIPTION 


The HI-1080/1085 is a current switching converter complete 
with a precision thin film R-2R ladder resistor network ona 
single monolithic chip. It is ideal for general purpose high 
speed, moderate accuracy digital-analog interfaces. It is 
particularly suitable as part of a high speed successive 
approximation or up-down counter type A to D converter. 


DIGITAL 
INPUTS 


PACKAGES uae 


CODE OM Pil 24 LEAD FLAT PACK 
050 TYP. _ | SEATING PLANE 
| / PIN CONFIGURATION 


SUPPLY 


TAP 
CONNECTION 2 


COMMON TAP 2 


_ a .090 MAX. 
Vv (+) 
005 + .002 025 TYP. REF 


TAP 1 


‘ 4 Dg CONVERTER ADDER 
24 LEAD TERMINATION 
Ds PACKAGE pene 
NSION 
CODE 1H 24LEADD.I.P.  awoneinoent ALL DIMENSIONS ARE IN INCHES. 5: ee 
pf ALL DIMENSIONS + .010 UNLESS LADDER 
OTHERWISE SHOWN. 3 GuIPuT 
D2 10 11 12 13 14 RSUM 
D, 2 R SUM 
CASE LOGIC SUPPLY 


| 010 + .003 ~m\\~<a-— 
9° | a 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Maximum ratings are limiting values above which 
permanent circuit damage may occur. 


Voltage Ladder Common: | Storage Temp: 


V+: +8.0V — +8.0V -659C < TA <+150°C 
V-:-18.0V IReg: 1.6mA Power Dissipation: 


450 mW * 


Digital Inputs: +5.5V 


*Derate at 4mW/°C above 85°C ambient. 


ELECTRICAL CHARACTERISTICS Unless otherwise stated all measurements taken at V* = +5V, V7 =-15V 
Veer = +5V, Vi,High = +2.4V, V;,Low = +0.4V 
Unipolar, zero reference connection (Figure 3) | 


H1-1080 LIMITS H1I-1085 LIMITS 
TEMP MIN TYP MAX | UNITS TEMP MIN TYP MAX | UNITS 
rw] te | [om | 
1/2 
1 


* Accuracy +250C 1/4 L.S.B. | 0°C to 
(Calibrated at 259°C); -55°9C to 1/2 +750C 
(Note 1) 

“VEull Scale (Note 2) | +25°C -4.98 
(Uncalibrated) 

5 L.S.B. | O°C to 
per |+75°C 


Power Supply -55°C 
Rejection to 
(Note 3) +125°C 
Settling Time +25°C 

(Note 4) 


Digital Inputs: 
High Threshold 
Low Threshold 
(Note 5) 
linHigh -559C 01 
ljplLow to 
(Note 6) +125°C -0.7 


Supply Current: 


55°C 8 10 mA 0°C 8 10 mA 
‘ok i to 8 10 mA to 8 10 mA 
*IREF +125°C 0.5 0.6 mA +75°9C 0.5 0.6 mA 
(Note 7) 
NOTES: Test Conditions — 
1. Any Input Combination 4. To +0.2% of full scale 6. Vin = 2.4 Volts 
after full scale input step vt =5.5V 
2. Inputs all low Vin = 0.4 Volts 
, RL >10 MQ VT =5.5V 
3. AVouT/AVguppLy CLS5pF F 
Vt =45 +0.5V eee oe 
V7 =-15 +3V 5. Vt =4.5V ane ge 
VREF _ +5 OV 


Inputs all low 
*100% Tested For DASH 8 
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PERFORMANCE CURVES 


TYPICAL SETTLING TIME 


TYPICAL OUTPUT ACCURACY VS. TEMPERATURE 


J TTT) TT, 


eeecuner caine 
(ae a (Se 


Zero Error 


-50 -25 0 +25 +50 +75 +100 +125 


Temperature — °C 


Figure 1 


Settling Time — Microseconds 


Figure 2 


OPERATION MODES 


D/A CONVERTER OPERATION MODES 
DIGITAL INPUTS 


A © 
LADDER OUT O OUT 
BO LADDER BUS OD 
LADDER TERMINAL 
C OC 


OUTPUT RANGE INPUTS: CONNECTIONS 


UNIPOLAR 
ZERO OTO-— Vp_t+ — 1L.S.B. Vat | N.C. GND 
REFERENCE 
UNIPOLAR | 4, " Vv 


OPERATING MODES 
Figure 3 


* Tap 1 or Tap 3 with selected external series resistor may be substituted for points A or B, 
respectively, for fine adjustment of output range. 
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TYPICAL APPLICATIONS — 


BUFFER AMPLIFIER CONNECTION 


LADDER OUT R SUM 
2R SUM 
LADDER OUT 


LADDER BUS 


LADDER 
TERMINAL 


LADDER BUS 


LADDER 
TERMINAL 


GND ORV p+ 


GND OR Vr +0 


INVERTING OUTPUT 
NON—INVERTING OUTPUT (MORE POSITIVE WITH INCREASING 


(MORE NEGATIVE WITH INCREASING COMPLEMENT OF INPUT NUMBER) 
COMPLEMENT OF INPUT NUMBER) 
FULL SCALE OUTPUT FEEDBACK 
OUTPUT RANGE: SAME AS SHOWN OUTPUT CONNECTED TO : 
ON ‘CHART ‘OPERATING MODE’ CHART 


R 2 
+R 


MULTIPLIED BY 


1 2 


+4.98V Scan 2.5K 
+9.96V 2Rsum 3.3K 


Figure 4 


CASCADED UNITS FOR 12 BIT RESOLUTION 


DIGITAL 
INPUTS 


N.C. 


D807D6D5 D403 D2 D1 


D8 07 06 D5 D4 D3 D2 D1 


ANALOG 
LADDER OUT LADDER OUT [F-00 j75u7 
+0 LADDER BUS LADDER BUS 
V see LADDER EXTENSION LADDER EXTENSION 


LADDER TERMINAL 


2R 


Figure 5 
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FARRIS 


SEMICONDUCTOR 
A DIVISION OF HARRIS CORPORATION H : -] $ 0 0 A 


Analog Switch Four-Channel 


FEATURES PACKAGE 


SIGNAL RANGE t15V 
“ON” RESISTANCE 125Q. TYP. 
LEAKAGE AT +125°C 40 nA TYP. 
ACCESS TIME 500 ns TYP. 
DTL/TTL COMPATIBLE ADDRESS 

-55°C to +1259C OPERATION 


DESCRIPTION 


The HI-1800A is a general purpose analog switch which may 
be used as a signal selector, multiplexer, chopper, or cross- 
point switch for signals from D.C. to R.F. The configuration 
is two independent DPST switches with versatile TTL com- 
patible addressing logic which allows connection as two SPDT, 
or a single DPDT, SPDT, or SPST switch by connection of 018 + .003 
external jumpers. ON resistance decreases correspondingly .100 
when switching elements are connected in parallel. The 
HI-1800A is fabricated on a single dielectrically isolated chip 
using complementary N and P channel MOS devices. This 
unique process produces exceptionally low leakage currents 
(even at +125°C), constant ON resistance, low power dissipa- 
tion, and fast switching. The HI-1800A is available in a her- 
metic 16 pin dual-in-line package. 


CODE 1W 16 LEAD CERAMIC D.1.P. 


ALL DIMENSIONS ARE IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHE RWISE SHOWN. 


.248 
=) I .300 


INPUT SWITCH 


ADDRESS CHANNELS ADDRESS 2 ADDRESS 1 
EN +5.0V SUPPLY NEG. SUPPLY 

L xX X L ON ON ENABLE POS. SUPPLY 
H X X L OFF OFF ADDRESS 3 N.C. 
on ee © ON ON OUT 4 IN 1 
a i ee IN 4 OUT 1 
X H LoL OFF OFF fies ae 
X xX xX H OFF OFF OFF OFF 7 ee 
H2>+4.0V LS+0.4V 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage Between Pins 14 and 15 40.0V Digital Input Voltage 
Logic Supply Voltage, Pin 2 30.0V 


V-Supply, Y*Supply 


Total Power Dissipation 780 mW (Note 2) 
enaiog input wattage: V+Supply +2V V-Supply -2V Storage Temperature Range —65°C to +150°C 


ELECTRICAL CHARACTERISTICS 
H1-1800A-2 HI-1800A-5 
Supplies = +15V, -15V, +5.0V -559C to +125°C 0°C to +75°C 


PARAMETER Temp. | min. | Typ. | MAX. | MIN. | TYP. | MAX. | UNITS 


ANALOG CHANNEL CHARACTERISTICS 
* Vin, Analog Signal Range 


V 
* Ron. ON Resistance (Note 3) o a . 
“Ig (OFF), Input Leakage Current 40 100 40 nA 
“Ip (OFF), Output Leakage Current 40 100 40 nA 


* Ip (ON), On Channel Leakage Current 40 


40 100 
V 
V 
LUA 
500 500 ns 
200 200 ns 
8 8 pF 
8 8 pF 
5 5 pF 


DIGITAL INPUT CHARACTERISTICS 


Vic, Input Low Threshold Full 
ViH, Input High Threshold (Note 4) Full 
* lin, Input Leakage Current Full 


SWITCHING CHARACTERISTICS 
tp, Access Time (Note 5) 


Break~Before-Make Delay 


Ci, Channel Input Capacitance 


Coyt, Channel Output Capacitance 


Cp, Digital Input Capacitance 


POWER REQUIREMENTS 


Pp, Power Dissipation Full 10 10 mW 
Pps, Standby Power (Note 6) Full 10 10 mW 
“14, Current Pin 14 Full 0.001 0.5 0.001 1 mA 
* 1_, Current Pin 15 Full 0.5 1 0.5 2 mA 
*1_, Current Pin 2 Full 0.5 1 0.5 2 mA 
NOTES: 1. Voltage ratings apply when voltages at all other pins 5. Time measured to 90% of final output level; 
are within their nominal operating ranges. VouT = -5.0V to +5.0V, Digital Inputs = 
2. Derate 9.25 mW/°C above t, = +75°C 0.4V to +4.0V. 
3. Vout =710V Igyt = -100MA. 6. Voltage at Pin 3, ENABLE => +4.0V. 


4. To drive from DTL/TTL circuits, 1K pullup resistors 
to +5.0V supply are recommended. 


*100% Tested For DASH 8 
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PERFORMANCE CHARACTERISTICS 


ON RESISTANCE vs ON CHANNEL CURRENT 
ANALOG SIGNAL LEVEL vs VOLTAGE 


CURRENT THROUGH SWITCH-mA 
t + 


ON RESISTANCE -OHMS 


V, - SIGNAL LEVEL (VOLTS) 


ON/OFF LEAKAGE CURRENTS vs 
TEMPERATURE 


OFF LEAKAGE 


+5V DC © 
ON LEAKAGE 


Test Circuit 


100 nA 


Ay, Ag INPUT 
2V/DIV. 


10 nA 


OUTPUT 
5V/DIV. 


200ns/DIV. 


TEMPERATURE -°C 
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SCHEMATIC DIAGRAM 


BLOCK DIAGRAM HI-1800A 


DECODER GATE 


P CHANNEL BODIES TO +V 
N CHANNEL BODIES TO -v 
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ADDRESS INPUT BUFFER 


ALL N-CHANNEL 
BODIES TO V- 


ALL P-CHANNEL 
BODIES TO V+ 


UNLESS OTHERWISE INDICATED 


MULTIPLEX SWITCH 


FROM DECODE 


FROM DECODE 


RIS 


SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 
= 


8 Channel Analog Multipexers 


FEATURES PACKAGE 


SIGNAL RANGE 1 15V 
“ON” RESISTANCE 250 (2 TYP. 
INPUT LEAKAGE AT +125°C 20nA TYP. 
ACCESS TIME 350ns TYP. 
POWER CONSUMPTION 5mW TYP. 
DTL/TTL COMPATIBLE ADDRESS 

-55°C TO +125°C OPERATION 


.248 
GENERAL DESCRIPTION : ) o_o 


The Harris HI-1818A and HI-1828A Analog Multiplexers represent a 
significant breakthrough in analog switch performance. Vastly superior 
characteristics are obtained through the unique process of forming com- 
plementary MOS transistors in a dielectrically isolated substrate. These 
devices are useful as multiplexers, signal selectors, and choppers over a 


CODE 1W 16 LEAD CERAMIC D.1.P. 


INDEX 


ALL DIMENSIONS IN INCHES 
NOTCH 


ALL DIMENSIONS + .010 
UNLESS OTHERWISE SHOWN. 


.018 + .003 
.100 


wide range of signal levels and switching frequencies. The HI-1818A is 
a single 8 channel multiplexer while the HI-1828A is a differential 
4 channel version. The devices are packaged in a standard 16 pin dual 
in-line hermetic case and are available in the full military or commercial 
temperature ranges. 


PIN OUT/TRUTH TABLE PIN OUT/TRUTH TABLE 


HI-1818A HI-1828A 


ADDRESS Ay 1 16 ADDRESS Ag anoReESs “ON” 
+5.0V SUPPLY 2 15 -15V SUPPLY A, Ag EN | CHANNELS 
ENABLE 3 14 +15V SUPPLY L L L 1 and 5 
ADDRE L HL 2 and 6 
mings ee H LoL 3 and 7 
IN8 5 12 OUT H H L A and 8 
IN7 6 11 1N2 X xX 4H NONE 
ING 7 10 IN 3 
IN5 8 9 IN4 
ADDRESS Ay 1 16 ADDRESS Ag 
ADDRESS “ON” +5.0V SUPPLY 2 15 -15V SUPPLY 
ay eat Eo eet ENABLE 3 14 +15V SUPPLY 
L cee ue 
L L H L OUT 5 THRU 8 4 13 IN 1 
L eH Lo. IN8 5 12 OUT 1 THROUGH 4 
L HH HL 11 IN 2 
~ a IN7 6 
H kL H eL ING 7 10 IN 3 
H H tL et IN5 8 9 IN4 
H H HL 
Xx xX xX H 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS (NOTE 1) 
Supply Voltage Between Pins 14 and 15 40.0V _ Digital Input Voltage V-Supply to V+ Supply 


Logic Supply Voltage, Pin 2 30.0V Total Power Dissipation (Note 2) 780mW 
Analog Input Voltage: VSupply +2V Storage Temperature Range -65°C to +150°C 
C -2V 


ELECTRICAL CHARACTERISTICS 


Supplies = +15V, -15V, +5V H1-1818A-2/1828A-2 H1-1818A-5/1828A-5 


-55°C to +125°C 0°C to +75°C 


ANALOG CHANNEL CHARACTERISTICS 
+15 V 
250 | 400 Q 
300 | 500 §2 


a‘ Vin. Analog Signal Range 


” Ron, ON Resistance (Note 3) 250 
300 
* Ig(OFF), Input Leakage Current 20 50 nA 
* Ip (ON), On Channel Leakage (H1-1818A) 100 250 nA 
Current — (HI-1828A) 50 125 nA 
* Ip (OFF) Output Leakage Current (HI-1818A) |Full 100 250 nA 
(H1-1828A) |Full 50 125 nA 
DIGITAL INPUT CHARACTERISTICS 
Vip. Input Low Threshold 0.4 V 
Vj, Input High Threshold (Note 4) V 
“ly, Input Leakage Current 1 uA 
SWITCHING CHARACTERISTICS 
Ts, Access Time (Note 5) 350 350 ns 
Break-Before-Make Delay 100 100 ns 
Cy, Channel Input Capacitance 4 4 pF 
Cour, Channel Output Capacitance 
(HI-1818A) 20 20 pF 
(H1-1828A) 10 10 pF 
Cp, Digital Input Capacitance 5 5 pF 
POWER REQUIREMENTS 
Pp, Power Dissipation Full 5 | 5 mW 
Pps, Standby Power (Note 6) Full 5 5 mW 
* 14, Current Pin 14 Full 0.1 0.5 0.1 1 mA 
* 1_, Current Pin 15 Full 0.3 1 0.3 2 mA 
*I_, Current Pin 2 Full 0.3 1 03] 2 mA 
NOTES: 1. Voltage ratings apply when voltages at all other pines 4. To drive from DTL/TTL circuits, 1K §2 pullup resistors 
are within their nominal operating ranges. to +5.0V supply are recommended. 
2. Derate 9.25 mW/°C above 75°C 5. Time measured to 90% of final output level; 
| ) Vout =~ 5.0V to +5.0V, Digital Inputs = 
3. Voyt = 2 10V Igy7 = -100N A OV. 10:'+4-0N 


i = +4.0V. 
*100% Tested For DASH 8 6. Voltage at Pin 3, ENABLE 4.0V 
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PERFORMANCE CHARACTERISTIS 


- ON RESISTANCE vs ON CHANNEL CURRENT 
ANALOG SIGNAL LEVEL vs VOLTAGE 


wa 100 A 


SWITCHING CURRENT - MA 
; + 


ON RESISTANCE - OHMS 


ON/OFF LEAKAGE CURRENTS 
vs TEMPERATURE 


Off Leakage On Leakage 
Is(OFF) Po ID(OFF) IN ee OUT 


100nA 


SCOPE 


10nA 


& 
St eee) Ae eens Pe eee 


ee eae, 
ae |e | EO ES | CE 


100pA 


TEMPERATURE- °C 
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SCHEMATIC DIAGRAM 


BLOCK DIAGRAM HI-1818A BLOCK DIAGRAM HI-1828A 


ALL N-CHANNEL 
BODIES TO V- 


ALL P-CHANNEL 
BODIES TO V+ 
UNLESS OTHERWISE 
INDICATED. 


MULTIPLEX SWITCH 


FROM DECODE 


TO . 
N CHANNEL 
S 


P CHANNEL BODIES TO +V 
N CHANNEL BODIES TO -V 


eee ap ain — FROM DECODE 
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Ss H1-5040 thru HI-5051 
HI-5046A and HI-5047A 


SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


CMOS Analog Switches 


FEATURES DESCRIPTION 


This family of CMOS ANALOG SWITCHES offers high 
performance at analog levels up to the supply rails. Low 
leakages, low “ON” resistance and high “OFF ISOLATION” 
characteristics are achieved using the latch-free, high re- 
liability, Harris Dielectric Isolation process. These 
monolithic chips incorporate bipolar with MOS devices for 
mininizing power consumption when CMOS logic levels are 
used. The H!-5040 series replaces the |H-5040 family and 
is functionally compatible to the DG 180/190 family. The 
H1I-5046A/5047A are proprietary 30 ohm versions of the 
H1-5046/5047. All are available in both commercial and 
military temperature ranges. 


WIDE ANALOG SIGNAL RANGE 
LOW “ON” RESISTANCE (TYP) 
HIGH CURRENT CAPABILITY (TYP) 
BREAK-BEFORE-MAKE SWITCHING 
TURN-ON TIME (TYP) 
TURN-OFF TIME (TYP) 
NO LATCH-UP 
INPUT MOS GATES ARE PROTECTED 
FROM ELECTROSTATIC DISCHARGE 
DTL, TTL, CMOS, PMOS COMPATIBLE 


PACKAGES 


CODE 1D 16 LEAD CERAMIC D.I.P. 


CODE 9H 14 LEAD FLAT PACK = (TO-—86) 


SEATING PLANE 
| 
4] 
0 


085 el a 


ALL DIMENSIONS IN INCHES 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


= 
018 +.003——-128 +078 
FUNCTIONAL DIAGRAM FUNCTIONAL DESCRIPTION 

PART NUMBER TYPE RQN 

HI-5040 SPST 752 

TYPICAL SWITCH HI-5041 DUAL SPST 752 

HI-5042 SPDT 752 

H1-5043 DUAL SPDT 752 

HI-5044 DPST 752 

HI-5045 DUAL DPST 752 

HI-5046 ~ DPDT 752 

HI-5046A DPDT 302 

HI-5047 APST 752 

HI-5047A 4PST 302 

H1-5048 DUAL SPST 3022 

HI-5049 DUAL DPST 302 

HI-5050 SPDT 302 

HI-5051 DUAL SPDT 302 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vt -V~) 36V Analog Current (S to D) 80mA 
Vp to Ground vive Total Power Dissipation* 450mW 
Digital and Analog vt+ay Operating Temperature 


Input Voltage V~ -4V HI-50XX-2 -55°% to +125°C 
| H1I-50XX-5 0°C to +75°C 
Storage Temperature -65°C to +150°C 


*Derate GmW/°C above Ta = 75°C 


ELECTRICAL CHARACTERISTICS 


Unless Otherwise Specified 


Supplies=+15V,-15V; Vp = OV; Vay (Logic Level High) = 3.0V; Vaz (Logic Level Low) = +0.8V, V) =+5V 
For Test Conditions, consult Performance Characteristics 


-55°C to +125°C 0°C to +75°C 


PARAMETER TEMP MAX MAX | UNITS 
ANALOG SWITCH CHARACTERISTICS 
Analog Signal Range Full V 
Ron,“ON” Resistance (Note 1a) +259C Q 
Full 9) 
Ron,"“ON’ Resistance (Note 1b) +25°9C Q 
Full Q 
Ron, Channel-to-Channel Match (Note 1a) +259 Q 
Ron, Channel-to-Channel Match (Note 1b) +259C Q 
IS(OFF) = ID(OFF) Off Input or Output +259C nA 
Leakage Current Full nA 
ID(ON), On Leakage Current +25°C nA 
Full nA 
DIGITAL INPUT CHARACTERISTICS 
Vat. !nput Low Threshold Full V 
Van, Input High Threshold Full V 
Iq, Input Leakage Current (High or Low) Full LA 
SWITCHING CHARACTERISTICS 
ton, Switch “ON” Time ns 
top, Switch “OFF” Time ns 
Charge Injection (Note 2) mV 
“OFF Isolation” (Note 3) dB 
“Crosstalk” (Note 3) dB 
CS(OFF), Input Switch Capacitance pF 
CD(OFF)’ pF 
Output Switch Capacitance 
CD(ON), pF 
Ca, Digital Input Capacitance pF 
Cos (OFF). Drain-To-Source Capacitance pF 
POWER REQUIREMENTS 
Pp, Quiescent Power Dissipation +259C 1.5 1.5 mW 
(* +15V Quiescent Current Full 0.3 0.5 mA 
I~, -15V Quiescent Current Full 0.3 0.5 mA 
1), +5V Quiescent Current Full 0.3 0.5 mA 
Ip, Gnd Quiescent Current Full 0.3 0.5 mA 


NOTES: 1. Voy = 210V, Igy7 = 1mA 
a) For HI-5040 thru HI-5047 
b) For HI-5048 thru HI-5051, HI-5046A/5047A 
2. Vin = OV, Cy = 10,000pF 
3. Ry = 10082, f= 100 KHz, Vin) = 2 Vpp, C; = 5pF 
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SWITCH FUNCTIONS | SWITCH STATES ARE FOR LOGIC “1” INPUT 


CERDIP FLATPACK CERDIP 


FLATPACK 


DUAL SPST 
HI- 5041 (7502) 


SPST 
Hi- 5040 (7592) 


DUAL SPDT 
HI-5043(75 02) 


SPDT 
HI- 5042 (7502) 


DUAL DPST 
Hi-5045 (752) 


DPST 
HI-~5044(7522) 


4PST 
HI-5047 (7592) 
Hi- 5047A (30{2) 


DPDT 
H1i-5046(7522 ) 
Hi- 5046A (30{2 ) 


DUAL DPST 
HI-5049 (3082) 


DUAL SPST 
HI- 5048 (3082) 


SPDT DUAL SPDT 
H!-5050(30{2 ) Hi~5051(30{2) 


O 
Vag (ENABLE) v~ ° O 
Vp (ENABLE) v- 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 


(UNLESS OTHERWISE SPECIFIED Ty, = 25°C, Vt =+15V, V~ =-15V, Vi =t5V, Vp = OV, Vay = 3.0V and Va, =0.8V 


ON RESISTANCE vs. ANALOG SIGNAL LEVEL, 
SUPPLY VOLTAGE AND TEMPERATURE 


ImA 
V9 
Ron ~ TA 
Vin ie 


“ON’’ RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


vt =t12V 
V- =-12V 


“ON” RESISTANCE — Ohms 
> 
[om] 


ANALOG SIGNAL LEVEL — VOLTS 


NORMALIZED “ON” RESISTANCE vs. TEMPERATURE 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO +25°C) 


-50° -259 0° +259 +509 +759 +100° +1259 
“TEMPERATURE — °C 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued) 


ON/OFF LEAKAGE CURRENT vs, TEMPERATURE OFF LEAKAGE CURRENT 
= vs. TEMPERATURE 


ic (OFF) ren Ip (OFF) 
(LN 9 No SUL 


+10V = 


ON. LEAKAGE CURRENT 
vs. TEMPERATURE 


LEAKAGE CURRENT 


TEMPERATURE — °C 


NORMALIZED “ON” RESISTANCE vs. ANALOG CURRENT 


“CLT TTT TTT TTT TT 
pt ttt ttt ttt tT by 
pitt t tT tT tT ys 
pi tT Tt tT tt Te 
SE 


“ON” RESISTANCE 
vs. ANALOG CURRENT 


IN 
@ 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO 1mA) 


0 20 40 60 80 100 120 140 
ANALOG CURRENT — mA 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued) 


“OFF” ISOLATION vs. FREQUENCY 


Ta 
a EE 
EL AE 
Be A 
OB A A A 
00 A A 
BFE A 
BE 0 a SO 
cf 100 A A SU 

A ER 
En OM AE 
A 


FREQUENCY — Hz 


-200 


-160 


-120 


Co 
i=) 


OFF ISOLATION - dB 


-40 


CROSSTALK vs. FREQUENCY 


200 


160) 


S 

\ 

: eS me <3 Him 

“” 

2 so LUMI et Hm Botta i 
CUT A Ni 


Sere ae 


psd 


POWER CONSUMPTION vs. FREQUENCY 


ptt ttt tT tT tt yy 
PRERERT RSENS 
eae a 


200 


epee. 


_— 
NO 
© 


POWER CONSUMPTION — mW 
oo 
Law] 


aoa NS cS 
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SWITCHED |, 
CHANNEL 


V 
“CROSSTALK” = 20 10g(— is ) 
Vout 


+10V 0 


-10V 0 


TOGGLE | 
AT 50% © 
DUTY 


e O e 
+5V +15V -15V 


SWITCHING CHARACTERISTICS 


ON/OFF SWITCH TIME VAH 
vs. LOGIC LEVEL 


| 
INo { | 30% , 90% 
Ins | | | | 
} t 
Va > —=—| tor Fle —»| ton |7-— 


+ 
aa: 
Se 
< 
4 = 
om 
-_ 
(om) ide) 
=| 
See oe eee ==> 
© 
Tl 
“TI 
ide) 
{ 2 
o~ 
< 
Oo > 
=) Cc 
= ae 
+ — 
INO 


20 

lie ae a of +} tf tt 

“ A wf fff SEEpan 

2 UN = 480 ame ies ae Mae 

2 aK | Se nen TTA TT 

F OINUN : > 

Zw =P (ie i CT TTA 

2 am Smt sence 

= % 300 ae f 
Pee haa 
a Adar 

= eae Re 

amis Soe ee 


fed HOt eae 


DIGITAL “HIGH” (Vay) OV 0.5V 
DIGITAL “LOW” (Va_) 


SWITCHING WAVEFORMS 


TOP: TTL INPUT (IV/DIV) TOP: CMOS INPUT (5V/DIV) 
Van = 3V, Vaz, = 0.8V Vay = 10V, Vay = OV 
BOTTOM: OUTPUT (5V/DIV) BOTTOM: OUTPUT (5vV/DIV 


200ns/DIV 200ns/DIV 
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SCHEMATIC DIAGRAMS 


TTL/CMOS 


SWITCH CELL 
REFERENCE CIRCUIT* 


*Connect Vt to V, for 
minimizing power consumption when 
when driving from CMOS circuits 


DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 


P3 


>| 


ES 
= 


Bee 
“Als 


ALL N-CHANNEL 


Ss 


ALL P-CHANNEL v- 
BODIES TO V+ 


EXCEPT AS SHOWN 
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MEMORY DATA SHEETS 


On the subject of field programmable read-only memories the words PROM and Harris Semi- 
conductor are virtually inseparable. The first effort to produce user programmable logic was 
ushered in by Harris in 1967 with the introduction of the diode matrix family. Again, in 1969, 
the advent of the HPROM-0512 heralded the world’s first monolithic field programmable 
read-only memory. This prototype, featuring nichrome fuse technology paved the way for 
future PROM generations establishing unprecedented reliability attested to by the fact that the 
HPROM-0512, as of the printing of this catalog, is still the only field programmable read- 
only memory to receive full JAN 38510 certification. 


After six years of high volume PROM manufacturing Harris Semiconductor remains today 
the world’s largest single manufacturer of PROMs. Now, this high volume experience, coupled 
with continuing reliability, introduces the next generation in PROM development, the 
“GENERIC” family of PROMs. With design controlled by a family concept, each GENERIC 
PROM features identical programming, improved AC performance guaranteed over full temp- 
erature and voltage ranges, common circuit design and process technology. We invite you 
to study our GENERIC data sheets. You will soon see that “to know one GENERIC PROM 
is to know them all”. Simplified device qualification, simplified system redesign and up- 
grading, maximum standardization and minimum costs; they’re all in the family with 
GENERIC PROMs. 
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Me-3 
Me-3 
Me-9 
Me-9 
Me-13 


Me-21 


Me-23 
Me~-27 
Me-28 
Me-32 
Me-36 
Me-40 
Me-44 


Me-45 
Me-51 
Me-55 


MEMORY ALPHA-NUMERICAL INDEX 


ITEM 


HD-234/534 

HD-235/535 

HD-6600 

HD-6605 

HM-010/030/040/050/ 

074/080/090 

HM-0110/0168/0104 / 

0186 

HM-7202 

Generic Prom Product Chart 

HM-7602/7603 

HM-7610/7611 

HM-7620/7621 

HM-7640/7641 

Harris Bipolar Prom 
Cross-Reference 

HPROM-0512 

HPROM-1024/1024A 

HPROM-8256 


Hex Interface Inverters 

Hex Interface Drivers 

Quad Power Strobe 

Quad Logic Strobe 

MIL Temperature Diode Matrices 


Commercial Diode Matrices 


1024 x 7 N-Channel MOS RAM 


256-Bit Field Programmable Bipolar PROM 

1024-Bit Field Programmable Bipolar PROM 
2048-Bit Field Programmable Bipolar PROM 
4096-Bit Field Programmable Bipolar PROM 


512- Bit Field Programmable Bipolar PROM 
1024-Bit Field Programmable Bipolar PROM 
256-Bit Field Programmable Bipolar PROM 


HD-234/534 
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nis pee acpi Hex Interface Inverters 


HD-235/535 


Hex Interface Drivers 


GENERAL DESCRIPTION 


The integrated circuits covered by this data sheet form a part of 
Harris’ family of Military and Industrial Monolithic Interface Cir- 
cuits intended for use as universal inverters, translators between 
logic families, as logic drivers in Monolithic Diode Matrix logic and 
in high voltage applications. The interface circuit with the node- 
input is compatible with all logic families, RTL, DTL, T2L and 
CML. The circuits are fabricated within a single monolithic silicon 
chip using passivated epitaxial techniques and Harris’ Dielectric 
Isolation method. Each circuit type consists of six node-input 
inverters as shown in the circuit schematic. Use of Dielectric 
Isolation provides parasitic-free operation with electrical perform- 
ance surpassing that of conventionally constructed integrated 
circuits. Harris’ Interface Circuits are designed to meet or exceed 
the mechanical and environmental requirements of MIL-STD-883. 
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Component Values Shown are Typical 


BASIC CIRCUIT SCHEMATIC 
(one element) 
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oC 
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MILITARY 200 SERIES 
| INDUSTRIAL 500 SERIES 
BASIC TYPES OF INTERFACE CIRCUITS 


HEX INTERFACE INVERTER 


POWER DISSIPATION 10mW SELECTION GUIDE 


OUTPUT BREAKDOWN VOLTAGE 6V 

HIGH VOLTAGE HEX INTERFACE DRIVER ee ae NEED — 
PROPAGATION DELAY 25ns 200 SERIES ...PAGES Di -9, Di- 10 
POWER DISSIPATION 1O0mW 500 SERIES ...PAGES Di - 9, Di- 12 


OUTPUT BREAKDOWN VOLTAGE 35V 
HEX INTERFACE DRIVER 


HIGH VOLTAGE HEX INDICATOR DRIVER 200 SERIES ... PAGES Di-9, Di- 11 
TURN-ON OR TURN-OFF DELAY 0.8 us 500 SERIES ... PAGES Di-9 Di- 13 
PROPAGATION DELAY 35ns ' 
POWER DISSIPATION 12mW HEX INDICATOR DRIVER 
OUTPUT BREAKDOWN VOLTAGE _—55V 500 SERIES ...PAGES Di-9, Di- 14 


HEX INTERFACE INVERTER | MILITARY 200 SERIES 
HD-234 | 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage : +6 Volts Output Current : +50mA 
Output Voltage : +6 Volts Operating Temp. : —55°C to +125°C 
Vee : +8 Volts Storage Temp. : —65°C to +150°C 


Maximum ratings are limiting values above which permanent circuit damage may occur. 


STATIC ELECTRICAL CHARACTERISTICS (Notes 7, 4) 


: LIMITS | TEST CONDITIONS 


DRIVEN _ NOTES 
INPUT OUTPUT | see page Di-11 
eee Ce ec = ona 


“1” QUTPUT VOLTAGE = | : | | fF 
node Input » 40 | 45 | OY —55°C = 4.5V 5 22V00C« SEE 
node Input | 4.0 | 45 oY 
rfode Input | 37 | 44 

“9” OUTPUT VOLTAGE = | 
node Input 
node Input 
node Input : 

“Q” INPUT CURRENT | | | | 
node Input | 2.55 
node Input | 180 | 2.70 

node Input | 


CHARACTERISTIC | MIN, | TYP | MAX, | UNIT | TEMP, Vi. 


oor et Cee er ee ose 


i 
+25°C ABV | 0 18V0C NOTE 3 
+125°C | 4) LW 2a 


55°C | A.5V 
+25°C 5.0V 
+ 125°C 


8 aRLUSEE EES hE Serreegese cdi deremanesHEbethievmernneresectnscenstoenepnssserssctceng eaten eee oe 


—55°C 5 BV 
+25°C  5.5V | 
+ 125°C 


3 | 
35 
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= 
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(Sa) 
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asc lat i ect 
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“1” OUTPUT CURRENT 


| +25°C 
| +125°C 


POWER DISSIPATION 
175 | mW | +25°C 
1.0 | mw | +25°¢} 50V 


12 


eaysrescscresricaantens cee stceqeustitascettets 22:22 atyechsats ASAE STOTEESSETSTSESEE SUS gfoHtagee men seeremtetoereests aestegeeseetenyresettrare oT 


| 
ono | 
OPEN | 


an 
fom] 
<= 


: 


OUTPUT CAPACITANCE = | 
: 2.0 pref +25°C | 5.0V 


on | are] 
: Pf 
— SWITCHING (DYNAMIC) CHARACTERISTICS 


LIMITS =| TEST CONDITIONS 
UN | 
ons =f —55°C | ABV 
: ns +25°C | 4.5V 
ns | +125°C | 4.5 

| —55°C 

+25°C 
+ 125°C 


GND 


peseenegaecetsarmemmntapscpe ype tracts RRS RETIN TI m3 


INO 
qr ¢ 
3 
<= 
= 
3 
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CHARACTERISTIC 


Turn On Delay 
ton 


TEST CIRCUIT FAN-OUT 


Circuit No. 1 
R, = 2200 
Turn Off Delay 


tore 


| fs 
| ns 
i 

| ons 


ht ft pet | CO CO 0O 


Propagation Delay 


toa 


| 
| 


HIGH VOLTAGE HEX INTERFACE DRIVER 
HD-235 


MILITARY 200 SERIES 


ABSOLUTE MAXIMUM RATINGS 

Input Voltage +6 Volts Output Current : +35mA 

Operating Temp. : —55°C to +125°C 
Storage Temp. : —65°C to +150°C 


Output Voltage : +35 Volts 
Vee : +8 Volts 


Maximum ratings are limiting values above which permanent circuit damage may occur. 
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TATIC ELECTRICAL CHARACTERISTICS (Notes 1, 4) 


LIMITS TEST CONDITIONS 


a: ialminiw ont | oor | att 
“J” QUTPUT VOLTAGE | | | a 
node Input | Vv SEE 3 
node Input NOTE 3 
node Input | +125°C 2b 3 
“Q” OUTPUT VOLTAGE | 
node Input — 55°C | 3 
node Input | +25°C 3 
node Input | +125°C | 3 
“Q” INPUT CURRENT | 
node Input — 55°C | 3 
node Input p  +25°C 5 3 %. 
node Input | +125°C | 3 = 
a = 
“1” OUTPUT CURRENT = 
3 
3 


POWER DISSIPATION 


OUTPUT CAPACITANCE : | 
5.0 | | pF 


SWITCHING (DYNAMIC) CHARACTERISTICS 


| LIMITS | TEST CONDITIONS 
CHARACTERISTIC | MIN, | oTYe | OMAK] UUNIT, «| TEMP. | | TEST CIRCUIT 
Propagation Delay | : 80 | 5.0V 
| | 80 
NOTES: 


4. All measurements made with Pin 7 at zero volts. All voltage and capacitance 
measurements are referenced to pin 7. Terminals not specifically men- 
tioned are left electrically open. 


1. This specification is written for one gate element. With multiple element 
| packages, all elements within the package must qualify for the package to 
obtain “type” classification. 


2a. The output is to be returned to V.. through 5.6KQ for these tests. 
2b. The output is to be returned to +30V through 5.6KQ for these tests. 


3. “NAND” Logic Definitions: “UP” Level = “1” “DOWN” Level = “0”. 


~5, These measurements must be made using current forcing, voltage meas- | 
uring techniques. | 


MEMORY 


HEX INTERFACE INVERTER INDUSTRIAL 500 SERIES 
HD-534 


ABSOLUTE MAXIMUM RATINGS 
Input Voltage : +6 Volts Output Current : +50mA 


Output Voltage : +6 Volts Operating Temp. : 0°C to +75°C 
Vee : +8 Volts Storage Temp. : —65°C to +150°C 


Maximum ratings are limiting values above which permanent circuit damage may occur. 


STATIC ELECTRICAL CHARACTERISTICS (Notes 1, 4) 


CHARACTERISTIC um, |r 


“1” OUTPUT VOLTAGE 


— | TEST ee 


DRIVEN 


NOTES 


OUTPUT | see page Di- 11 


node Input 3 
node Input 3 
node Input 3 
“0” OUTPUT VOLTAGE 
node Input 3 
node Input 3 
node Input 3 
“O” INPUT CURRENT 
node Input 3 
node Input 3 
node Input 3 
“1” OUTPUT CURRENT 
3 
3 


POWER DISSIPATION 


OUTPUT CAPACITANCE | | | | 
2.0 pF of +25°C | = 5.OV I | O.5VDC | 
i | | | 25mVrms | 
1 @1MkHz} 


SWITCHING (DYNAMIC) CHARACTERISTICS 


LIMITS TEST CONDITIONS 


CHARACTERS =e rest RCT 


Propagation Delay 


toa 


ns | +25°c | 50 3 


HIGH VOLTAGE HEX INTERFACE DRIVER INDUSTRIAL 500 SERIES 
HD-535 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage : +6 Volts Output Current : +35mA 
Output Voltage : +35 Volts Operating Temp. : —O0°C to +/75°C 


Vee : +8 Volts Storage Temp. : —65°C to +150°C 


Maximum ratings are limiting values above which permanent circuit damage may occur. 


STATIC ELECTRICAL CHARACTERISTICS (Notes 7, 4) 


TEST CONDITIONS 


| | DRIVEN | | — NOTES 
CHARACTERISTIC So | INPUT | «OUTPUT | see page Di-11 
“1” QUTPUT VOLTAGE | ) | | 
node Input | 3 
node Input 3 
node Input 3 
“Q” OUTPUT VOLTAGE 
node Input 3 
node Input 3 
node Input 3 
“QO” INPUT CURRENT 
node Input 3 
node Input 3 a 
node Input 3 o 
“1” OUTPUT CURRENT 3 
3 
3 


POWER DISSIPATION 


OUTPUT CAPACITANCE 


50 | | pF | +25°C]} 50v.] GND | O.svOC | 
| | : | 2omVrms | 
@ 1 MHz | 


SWITCHING (DYNAMIC) CHARACTERISTICS 


LIMITS TEST CONDITIONS 


CHARACTERISTIC | MIN. UNIT | TEMP. | TEST CIRCUIT 


Propagation Delay ; | 
‘e | 635 | 70 | +25c | soy 


TEST CIRCUITS 


Test Circuit No. 1 INPUT PULSE Test CircuitNo.3 = =§--_--------- 
ton and toy — measurements t= ty= 5ns toa Measurement 


1 ' 

‘ 

f == IMHz ; i 
pw = 100ns O}4! : 


y Vee 
Re 
IN o TEKTRONIX 
Spr TYPE 567 : 
OSCILLOSCOPE 


(kek) 


Propagation delay for one element based on pair delay measurement 


‘ _._Is—Ts Where 
Beer BCC Cee = pana gies tha= 4 Ts = Measured time for one cycle of oscillation with switch 
(#2) Test Fixture and Probe i position ® (5 elements) 
Capacity — And 


Ts == Measured time for one. cycle of oscillation with switch 
in position @) (3 elements standard) 


Test Circuit No. 2 (a) Dindes rom Expander Test Circuit No. 4 INPUT PULSE 
= ate RD- 2 t;=t,= 5ns 
ton and to — measurements (a2) Test Fixture and Probe ton and to — measurements ss 
Capacity f = 100KH: 
pw = 5.0us 
Amp. == +3.5V 
¥ Vee 
A 
18 an «mia aun mun’ lmao’ 50% 
K 
IN 90% B 
5 pF 10% 
——= (+) te bt 
TE j 
TYPE or OSCILLOSCOPE (2) Diodes from Expander 
OSCILLOSCOPE —55°C 425°C = +125°C Gate RD-211 
Ven 19V 1.5V 1.2V (2) Test Fixture and Probe 
Sd ent Aa ea Capacity 


PACKAGING 


Package outline drawings for Harris Integrated Circuits products are illustrated be- 
low. For each package, a particular Harris protective carrier is used in produc- 
tion, testing, and handling. If desired, this protective carrier may be specified for 
shipping purposes. Harris can also furnish custom designed packages from its in- 
house facility. The package Carriers and their releationship to corresponding test 
contactors are shown. 


oc 
i) 
= 
Lid 
= 


CODE 9V_ TO-86 (METAL BOTTOM) CODE 1S_ 14LEAD BRAZED D.LP. 


PIN ONE IDENT. 
x 


SEATING PLANE 
| 


0 
0 
D 
8 —— 309 —— 
| | 250 | 
| 130 { 
{ 
a. 
140 
-U_U_ 010 
005 + .002 f 050 
—~| | 018 + .002 


ALL DIMENSIONS ARE IN INCHES. 


ALL DIMENSIONS ¢ .010 UNLESS 
OTHERWISE SHOWN. 
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HD-6600 


HARRIS 
pintdiicarianseien net Quad Power Strobe 


HD-6605 


Quad Logic Strobe 


FEATURES PACKAGE 


CODE 1A _— T0-116(14 LEAD CERAMIC D.1.P.) 


HIGH DRIVE CURRENT — 200mA 
HIGH SPEED 50ns TYPICAL 

TTL COMPATIBLE INPUTS 
DIELECTRIC ISOLATION 


ALL DIMENSIONS IN INCHES em) Ie 00 


ALL DIMENSIONS + .010 UNLESS 


QUAD MONOLITHIC CONSTRUCTION OTHERWISE SHOWN. 


POWER SUPPLY FLEXIBILITY 
LOW POWER STANDBY 30mW/CIRCUIT 
ACTIVE 95mW/CIRCUIT 


f 
8° TYP—./ | eer 


sd NOTCH 


DESCRIPTION 


MEMORY 


The HD-6600 Quad Power Strobe and HD-6605 Quad Logic 
Strobe are constructed with Harris Dielectric Isolation Bi- 
polar Monolithic Process. The design incorporates power 
supply flexibility with TTL compatible inputs and high cur- 
rent outputs. 


CIRCUIT DIAGRAM 


OUTPUT 
me 


GND 


NC: NO CONNECTION 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage Vecy 


Vec2 


Vec3 
Input Voltage Vij 


Storage Temperature ToTG 
Output Current |) 
Power Dissipation at 25°C 


+ 8 VDC 7 
+18 VDC (HD-6600), +14 VDC (HD-6605 
+18 VDC (HD-6600), +8 VDC (HD-6605) 
-0.5 VDC to +5.5 VDC 

-65°C to +150°C 

-300mA 

1000mW (Derate 9mW/°C Above 60°C) 


RECOMMENDED OPERATING CONDITIONS 


Power Supplies: Vecy 


Vec2 
Vcec3 


+10% 
+15% 
+20% 


ELECTRICAL CHARACTERISTICS — 7, = -55°¢ to +125°C HD1-6600-2/HD1-6605-2 


Ty = 0°C to + 75°C HD1-6600-5/HD 1-6605-5 


Vec2 = 12.0 VDC 
Vec3 = 5.0 VDC 


PARAMETER TEST CONDITIONS 


MEMORY | 


Input Current 
Input Threshold Vin 
Voltage ViL 
| 4.75 
Output Voltage 


(Note 1) , 
VOL 


Supply Current 
(Note 2) 


AC 


Fall Time 


NOTES: 


(1) One strobe enabled. 


SYM. MIN. 
2. 


TYP. MAX. | UNITS 
MA VIN =24VDC 
V 
y Vect =5.0 VDC 
VIN =0.4 VDC 
, Vec1= 5O0VOC 
Vin = 2.4 VDC 
| Ver1=5. 
ta CC1 5.5 VDC 
VIN =0.4VDC 
9 12 mA Vee, = 5.5 VDC 
Vin = 2.4 VDC 


CONDITIONS Ty = 25°C 


Vee, = 5.0 VDC 
Vec2= 12 VDC 
Vece3= 5.0 VDC 
Ry = 31.6 92 
C; = 620 pf 


(2) All strobes enabled. 


Vcc =55VDC 


I = -150mA DC 


I, = 500 “A DC 
Vin = 2.4 VDC 
Vin =-4 VDC 


in =-150mA DC 


|, =0 


SWITCHING TIME DEFINITIONS 


INPUT 
t, = tp = 10ns 
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TO TEST 
SCOPE 


TYPICAL CHARACTERISTICS 


TYPICAL OUTPUT VOLTAGE vs. TYPICAL OUTPUT VOLTAGE vs. 
LOAD CURRENT AND NUMBER OF STROBES ENABLED Veco 3 SUPPLY VOLTAGE 


Ta = 25°C 


Ta = 25°C 


5.0 Veco, = 5 VOC Vec1 = 5 VOC 
NUMBER OF STROBES Vec2 = 12 voc Vec2 = 12 VOC 
ENABLED Vec3 = 5 VOC ONE STROBE 
4.95 a —— 
a ee ee : 
Oo = 5. 
eC SL c 
oa xr 
© 4.85 © 
ad > 
4.8 
4.75 


40 60 80 100 120 140 160 180 200 4.25 45 4.75 5.0 5.25 5.5 5.75 6.0 
I, inmA Vec3 in Volts 
TYPICAL OUTPUT VOLTAGE vs. TYPICAL DELAY tog¢ AND tg vs. 
AMBIENT TEMPERATURE LOAD CAPACITANCE 


Veco} = 5 VOC 
Vec2 = 12 voc 
Vec3= § VOC 


Vec2 = 12 VDC 
Vcec3 = § VDC 


>~ 
Oc 
eB 
= 
Lu 
=) 


Vou in Volts 


Delay in (ns) 


200 400 600 800 1000 1200 1400 1600 1800 


Tay in 0¢ C; inpf 
TYPICAL DELAY vs. TYPICAL DELAY t,, AND t, vs. 
AMBIENT TEMPERATURE LOAD CAPACITANCE 


Delay in (ns) 
Delay in (ns) 


0 
“65 -40 -20 0 +25 = +40 +60 = +75 +100 +125 200 400 600 800 1000 


1200 1400 1600 1800 
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MEMORY 


APPLICATIONS 


LED MULTIPLEXING 


BCD 
DATA 
INPUTS 


BCD to 7 Segment 
Decoder/Driver 


OCLOCK 


SEQUENCING 
RING COUNTER 


The HD-6600 Quad Power Strobe and HD-6605 Quad Logic 
Strobe, when used in conjunction with the HD-0140 Quad 
Latch/7 Segment Display Driver, provides a flexible multi- 
plexed display system. The 150mA drive capability of the 
Power Strobe matches the current requirements of most 7 
segment LED's presently available. 
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HD-6600 POWER STROBE 
HD-6605 “PROM” LOGIC STROBE 


HD1-6600 F- —--~~ -~- - HD 1-6600 
HD1-6605 HD1-6605 


ADDRESS 


TT] HPROM ) 
PtH—4 1024A 
ADDRESS 


ADDRESS Y 
HPROM tt—] —-HPROM ; | 
10244 lite 10244 


ADDRESS | ADDRESS - 
we | Ay 


C) 
HPROM ty} HPROM 
1024 IF 1024A 
nth COLUMN DA dA ist. COLUMN 


The use of the HD-6600 Power Strobe or HD-6605 Quad 
Logic Strobe with the HPROM 1024A programmable mem- 
ories allows expansion of a 256 word memory to a 1024 
word memory with only a nominal increase in system power. 
Using the enable signal as the Power Strobe input optimizes. 
the enable to output delay of the memory. 


- HM-010/030/040/050/ 
074/080/090 


SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


MIL Temperature Diode Matrices 


Harris Monolithic Diode Matrices consist of arrays of 
passivated silicon diodes, fabricated in dielectrically 
isolated moats. Use of improved epitaxial techniques 
allow construction of arrays using the epitaxial layer 
as the common cathode connection for all diodes in 
a row. Column connection to the anode side of the 
diodes are made to metalized interconnect lines via 
fusible links. By selectively opening fuses, diodes are 
effectively removed from the circuit to form any 
desired matrix pattern. Harris automatic production 
test equipment provides tnstantaneous code pattern 
customizing from finished goods inventory. 


Combining the fusing technique with the availability 
of various matrix sizes and the possibility of assem- 
bling several matrices to form larger arrays, provides 
designers with the necessary flexibility in system 
design. 


The matrices meet full military temperature range 
operation (-55°C to +125°C) and the circuits are 
designed to meet or exceed the mechanical and envir- 
onmental requirements of MIL-STD-883. 


TYPICAL 6x8 CIRCUIT SCHEMATIC 


COLUMN CONNECTION PIN NO. 


| 7 14 8 13 9 12 10 


FUSIBLE 
“eg LINKS 


at ith heh 
ats Tafa fa fats fs 


ROW CONNECTION PIN NO. 


Harris matrices are ideally suited for applications in 
logic generation, coding, decoding, and addressing 
type networks. For further information refer to 
Harris Diode Matrix Technical Information and Ap- 
plication Bulletin. 


COLUMN 


FUSIBLE 


ROW 
CONNECTIO 


“P” TYPE 

= SILICON 
POLYCRYSTALLINE “N+ "TYP 
ILICON SILICON 


“N" TYPE 
SILICON 


MONOLITHIC STRUCTURE 


METALIZED 
INTACT INTERCONNECT 
LINK LINE 


CONNECTED DISCONNECTED 
DIODE DIODE 


FUSIBLE LINK SYSTEM 


MONOLITHIC INTERFACE CIRCUITS 


When the Harris family of Monolithic Diode 
Matrices are used with Harris Monolithic 
Interface circuits, complex logic generation 


‘is possible with simple diode-inverter logic. 


A product selection guide for the mono- 
lithic interface circuits is given to help desig- 
ners select the best interface circuit and 
matrix for his application. The interface 
circuits can be used for input to or output 
from any diode matrix. 
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MONOLITHIC DIODE MATRICES 


PRODUCT SELECTION GUIDE 


MATRIX FAST : MEDIUM | 
SIZE RECOVERY | RECOVERY | 
4x 10 HM1-090 | HM1-091 | 
4x 10 HM9-090 : HM9g-091 
10x4 HM1-050 | HM1-051 | 
10x 4 HM9-050 | HM9-051 | 
5x5 : HM1-074 | HM1-075 | 
5x5 | HM9-074 | HM9-075 | 
5x8 HM1-010 | HM1-012 | 
5 x 8 HM9-010 | HM9-012 | 
8x5 HM1-081 | 
8x5 HM9-081 
6x8 HM 1-031 
6x8 HM9-031 
8x6 HM 1-041 
8x6 HM9-041 


MILITARY 


GENERAL 
PURPOSE 


HM 1-093 
HM9-093 
HM 1-055 
HM9-055 
HM1-077 
HM9-077 
HM1-013 
HM9-013 
HM 1-084 
HM9-084 


HM 1-034 
HM9-034 


HM1-044 | 


HM9-044 


COLUMN CONNECTION PIN NO. 


| PACKAGE 
| OUTLINE 


1A 
9H 
1A 
9H 
1A 
9H 
1A 
9H 
1A 
9H 
1A 
9H 
1A 
9H 


| | 
‘ 
; 1147 8 
a ° 9  FUSIBLE | 
oa LINKS | 
oO 
= i 2 ; COLUMN CONNECTION PIN NO. 
Lu 
> COLUMN CONNECTION PIN NO. i 3 
: 1 7 14 8 13 
; é : a 
23 45 69 10 111213 re) 4- i FUSIBLE 
9 9 9 9 , 9 , , 9 z LINKS 
Z > Se i 
FUSIBLE a 4 . 
; LINKS z 6 S 2 : 
oO 0 i 
: e = 3 
z y 9 ; z 
, ; 3 
314 © z KA e 
ra (o} He U 
: 5 10. | : 
2 7: = { Z5 « 
g mnt : : 
5" pos 
: 
: 12: | 
136 
4x10 10x4 , 5x5 
ns ESR iil ian eet or ieteustn ere EE ESAT NR tm EE eT 
COLUMN CONNECTION PIN NO. i COLUMN CONNECTION PIN NO. COLUMN CONNECTION PIN NO. 
1 7 14 8 13 9 12 10 1 7 14 8 13 1 7 14 8 13 9 12 10 


FUSIBLE | 
LINKS 


z 2 2° 2 « 2° 
3 3 | 126 £ 3+ 12: 
c 4 | 3 =i 3° 
8 5 1 211 & Ae 1s 
2 6 ) 6 5° 4° 

6 « 


ROW CONNECTION PIN NO. 
aun 


ROW CONNECTION PIN NO 
— 
Ono rw =~ 


5x8 6x8 


When ordering a matrix with a custom pattern take a matrix pattern and circle out those diodes to be removed from the 
matrix. Another method to clerly identify pattern is to call out row and column pins for each diode to be removed. 
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HM-074 


5x5 
HM-0O10 5x8 

FAST RECOVERY MATRICES HM-030 6x8 HM-O90 4x10 
8x6 


HM-0O040 


ABSOLUTE MAXIMUM RATINGS 
Forward Current - 100 mA 


Surge Current (100 ws max.) : 200mA — Operating Temp. (ambient) - —55°C to +125°C 
Total Ckt. Dissipation (still air) : 450mW Storage Temp. (ambient) : —65°C to +150°C 


Maximum ratings are limiting values above which permanent circuit damage may occur. 


ELECTRICAL CHARACTERISTICS 


HM-010 HM-050 HM-080 
HM-030 HM-074 HM-090 
HM-040 


| LIMITS | TEST CONDITIONS 
CHARACTERISTIC | a TT 


FORWARD DROP 


Ve 20 le = 20 mA 
|= 20 mA 
Ve 1 = 1 mA 
|; = 1mA ce 
REVERSE BREAKDOWN a 
BV. le = 100 pA 7 
le = 100 pA = 
REVERSE CURRENT 
Ik Ve = 25V 
Ve = 25V 
REVERSE RECOVERY 
le le = 10 mA 
to 
Ip = 10 mA 
Recovery to 
I mA 
CROSSPOINT 
CAPACITANCE 
C.p Ve =, OV, 
COUPLING COEFFICIENT | ) , | | Taos = 20 mA 
lei | 20 | 90 | uA | #25°C oy (is 2 26Y 
PERFORMANCE CURVES (See Page Me-18 for Performance Characteristic Curves) 


Figure 1 
Figure 2 


Figure 5 
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HM-075 5x5 
MEDIUM RECOVERY MATRICES HM-012 5x8 
| HM-031 6x8  HM-O91 
HM-041 8x6 


ABSOLUTE MAXIMUM RATINGS 
Forward Current : 100 mA 


Surge Current (100 4s max.) :200mA Operating Temp. (ambient) : —55°C to +125°C 
Total Ckt. Dissipation (still air) : 450mW = Storage Temp. (ambient) :°—65°C to +150°C 


Maximum ratings are limiting values above which permanent circuit damage may occur. 


ELECTRICAL CHARACTERISTICS 


HM-012 HM-051 HM-081 
HM-031 HM-075 HM-091 


HM-041 
LIMITS ) | TEST CONDITIONS 
SC Hn ee | | TEMP. = ||_ ELECTRICAL 
FORWARD DROP 
Ve 20 le = 20 mA 
|= 20 mA 
Vey Ir =] mA 
= 1mA 
REVERSE BREAKDOWN 
BV, le = 100 pA 
le = 100 pA 
REVERSE CURRENT 
Ip Ve = 25V 
Ve = 25V 
REVERSE RECOVERY 
t. le: = 10mA 
to 
le = 10mA 
Recovery to 
1 mA 
CROSSPOINT 
CAPACITANCE 
C.. VR Fr Ov, 
| f = 1MHz 
COUPLING COEFFICIENT | | apy = 20 mA 
lot | 20 50 pA + 25°C | Veey== — OV 
PERFORMANCE CURVES (See Page Me-18 for Performance Characteristic Curves) 


ee 
Five 3 
ee 
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HM-O77 5x5 HM-O55 10x 4 


: HM-0O13 5x8 HM-O84 8x 5 
GENERAL PURPOSE MATRICES [iM on eos a0 


HM-044 8x6 


ABSOLUTE MAXIMUM RATINGS 
Forward Current : 100 mA | 


Surge Current (100 us max.) : 200mA Operating Temp. (ambient) : —55°C to +125°C 
Total Ckt. Dissipation (still air) : 450mW Storage Temp. (ambient) : —65°C to +150°C 


Maximum ratings are limiting values above which permanent circuit damage may occur. 


ELECTRICAL CHARACTERISTICS 


HM-013 HM-055 HM-084 
HM-034 HM-077 HM-093 


HM-044 
CHARACTERIS TEST CONDITIONS 
_ sal | ELECTRICAL 
FORWARD DROP | | | 
Vian | | I. = 20 mA 
| | | I; = 20 mA 
a | | ;=im | 
| 07 | = 1mA z 
| REVERSE BREAKDOWN | : 
BV, 30 | le = 100 pA 
39 | | | le = 100 uA 


REVERSE CURRENT | 
I | 70 | 250 Ve = 25V 
REVERSE RECOVERY ! | 
t., |= 10 mA 
to 
le = ]0mA 
Recovery to 
| | 1mA 
CROSSPOINT | : 
CAPACITANCE 
C., | Ve = SV, 
f = IMHz 
COUPLING COEFFICIENT lao» = 20 mA 
lot 20 Veev= — OV 
PERFORMANCE CURVES (See Page Me-18 for Performance Characteristic Curves) 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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T,— AMBIENT OPERATING TEMPERATURE (°C) 


yc connate VOLTAGE ae Noe 


FIGURE 2 


FIGURE 1 


EET 
PSSST IMT IMT. 
TESST TT: 
HELL | SAS Ss Suet 
SS 3 


+75 


T. — AMBIENT OPERATING TEMPERATURE (“C) 


REVERSE CURRENT VS. 
AMBIENT OPERATING 
TEMPERATURE AS A 

FUNCTION OF APPLIED 

REVERSE VOLTAGE 


33 8 8 838 8 8 8388 ¢? coe 


(wu) LN3YYND 3SY3ARY — "1 


+75 


+50 


Ta AMBIENT OPERATING TEMPERATURE (°C) 


TNS MT 
SESE 


REVERSE VOLTAGE 


TEMPERATURE AS A 
FUNCTION OF APPLIED 


REVERSE CURRENT VS. 
AMBIENT OPERATING 


(v4) INSYUND 3Syu3A30 — 4 


AYOWSIAW 


FIGURE 4 


FIGURE 3 


VOLTAGE 


- bad 
“” 

> 2 
us SS 
Sw 
=a 
ra 
OQ us 
oO = 
a 
< Oo 
Oc 


- 
= 
o 
a. 
A 
4) 
oa 
oe 
rae) 


(498) -— JONVLIDVdVD "OD 


f = 1 MHz 


V. — REVERSE VOLTAGE (VOLTS) 


FIGURE 5 
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DIODE MATRIX FUSING 


A simple ramp current generator is used to provide the fusing tao INDICATOR 
current. With switch S,, in the position shown the capacitor C, is 7 | oe 
discharged to ground through R,. The diode to be eliminated is 
selected by setting the row and column switches S, and S, respec- 
tively as required. When switch S,, is activated to position 2, 
capacitor C, charges up through R, forming a ramp voltage that 
drives the base of Q,. The darlington transistor pair of Q, and Q, 
transforms the voltage ramp to a current ramp that provides current 
to the column contacts on the matrix. This current, through the fuse, 
opens the fusible link in series with the selected diode. The peak 
fusing current required to open a fusible link, is approximately 
750 milliamperes. As the temperature of the fuse is raised, the 
aluminum begins to melt. This melting continues until the fuse link 
separates. The cohesive forces of the melting aluminum retracts 
the remaining portions of the metal, thereby preventing formation 
of loose aluminum residues. The melting temperature of aluminum 
at approximately 650°C will not affect the passivating layer of 
silicon dioxide whose melting temperature is about 1350°C. Test 
verification is obtained by an indicating device placed in series MATRIX UNDER TEST 

with the column and row switches through the contacts S,, to give §, DPDT MOMENTARY 

visual indication of the condition of each diode in the matrix before S, 17 POS, 1 POLE Q, 0,-2NI1613 

and after fusing. S, ROTARY INDICATOR LIGHT, GE 327 


MONOLITHIC INTERFACE CIRCUITS 


Harris interface circuits and monolithic diode AND, OR, INVERT, AND-OR, NAND/NOR 
matrices form a compatible family of inter- logic functions. The versatility of these circuits 
grated circuits to complement any logic design. is unsurpassed when control, coding and de- 
These circuits in combination can perform coding logic functions are performed. 


PRODUCT SELECTION GUIDE FOR INTERFACE CIRCUITS 


200/300 SERIES MILITARY -55°C to +125°9C 
TYPICAL CHARACTERISTICS AT Veg = 5.0V and Ta = +25°C 


OUTPUT 
va) 


POWER 
DISSIPATION 


27KN 


COMPONENT VALUES SHOWN ARE TYPICAL 
NOTES 


(7) 
BASIC CIRCUIT SCHEMATIC “°° 
(one element) 


TYPE 
NUMBER 


NOTE: Parts available in flat pack and dips 


500 SERIES INDUSTRIAL 0°C to +75°C | - 


(top view) 


NOTES: 


NOTE: Parts available in flat pack and dips 10° Fancout is defined:-for: Harts OTL: 
logic of the same series number. 


TYPICAL CHARACTERISTICS AT Ve = 5.0V and Tp = +25°C , ia 
: 12(F) 
POWER | a 
TYPE DESCRIPTION |FAN-OUT DISSIPATION] NOTES | nT 
NUMBER (ns) (mW) | ee "LOGIC DIAGRAM 


2.0 Voltage given in fan-out column is 
the minimum output breakdown 
voltage for this gate element. 
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PACKAGING 


CODE 1A 


CODE 9H 
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- TO-116(14 LEAD CERAMIC D.1.P.) 


ALL DIMENSIONS ARE IN INCHES 


ALL DIMENSIONS t .010 UNLESS 
OTHERWISE SHOWN. 


T0-86 (CERAMIC) 


a ee 
Co 


050 TYP. 


005+ .002 
ALL DIMENSIONS IN INCHES 


013 REF. 


SEATING PLANE 


Ty | h 
t .260 
= +'020 ha .250 085 MA wa Sn 


HM-0110 ( 4x10) 
MARES HM-0168 ( 6x 8) 


A DIVISION OF HARRIS CORPORATION 


HM-0104 (10x 4) 
HM-0186 ( 8x 6) 
Commercial Diode Matrices 


DESCRIPTION | PACKAGE 


CODE 1A __ TO0-116(14 LEAD CERAMIC D.1.P) 


The commercial diode matrices are arrays of passivated sili- 

con diodes, fabricated in dielectrically isolated moats. An 

epitaxial layer is used as the common cathode connection ALL DIMENSIONS IN INCHES 
for all diodes in a row. Column connections to the anode ig Oe eRWEE SOM, UNLESS 
side of the diodes are made through metal interconnect lines 

via fusible links. By selectively opening the links, diodes can 

be removed from the circuit to form any desired matrix pat- eis cel = s00 
tern. This device is available in a 14-lead dual in-line La) ie 
CERDIP package. These parts are also available in a Mil- a | 


8° TYP 
Temperature performance range. : 


COLUMN CONNECTION PIN NO. 
COLUMN CONNECTION PIN NO. 
HM-0110 HM-0168 , 14 8 13 12 10 
(4 x 10) 5 9 10 111213 (6 x 8) FUSIBLE 


Pa Poa Pa De is 

Ma Pa Pa ft, fan Pas, fa fa Ph 
ae Pa, Ba fan Pa Ba Pa Ba fa fh 
Na Pa Pa hs fia fia Pa, Bae fe fh 


S 
z 
= 
oe 
z 
2 
- 
U 
ww 
z 
z 
°o 
iS) 
= 
°o 
On 


ROW CONNECTION PIW NO. 


COLUMN CONNECTION PIN NO. 
14 COLUMN CONNECTION PIN NO. 
1714813 9 


FUSIBLE 
LINKS 


HM-0104 
(10 x 4) 


ROW CONNECTION PIN NO. 
mt 
~ WN N 


ROW CONNECTION PIN NO. 
ol 


ono & 


When ordering a matrix with a custom pattern take a matrix pattern and circle out those diodes to be removed from the 
matrix. Another method to clerly identify pattern is to call out row and column pins for each diode to be removed. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Forward Current 100mA 
Surge Current (100 Lis Max.) 200mA 
Total Circuit Dissipation (Still Air) 450mW 
Operating Temperature (Ambient) 0°C to 70°C 


ELECTRICAL CHARACTERISTICS AT 25°C 
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HM 1-0104 (10 x 4) 
HM1-0168 (6 x 8) 
HM1-0186 (8 x 6) | HM1-0110 (4 x 10) 


CHARACTERISTIC | LIMITS LIMITS CONDITIONS 
LS La a 


Forward Drop Vea 1.5V 1.8V | Ip = 20mA 
Forward Drop Vey 0.9V 1.0V | lp =imA 
Rev. Breakdown Volt. BVp |} 20V 20V Ip = 100A 
Rev. Current Ip 1A 1A | Vp=15V 
Rev. Rec. Time 100ns 100ns | tp = 10mA 


Ip = 10mA to 1mA 


— Coupling Capacitance = Cop 8pF 8pF | V_p=5V 
f= 1MHz 


NOTE: When ordering a matrix with a custom pattern either obtain copies of Harris 
; patternizing forms from your local sales representative or contact headquarters, 
Marketing, Melbourne, Florida. 
On all orders less than 100 units there will be a one time charge for each special 
pattern formed by Harris. 


SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


HM-7202 


1024 x 1 N-Channel MGS RAM 


FEATURES DESCRIPTION 


@ MIL And Commercial Versions 
e Access Times From 350 TO 1000 NS 

@ Static - Easy To Use 

@ 1024 x 1 Organization 

@ Pinout Compatible With Industry Standard 2102 
@ Single +5V Power Supply 

e TTL Compatible 1/0 

@ No Clocks, No Refresh 

e Two TTL Loads 

e Three-State Output 

@ Output Can Be Or -Tied 

e Inputs Protected From Static Change 


PACKAGING PINOUT 


SEATING PLANE 


—_ frorin ONE INDEX 


295 7s 
—~— +'930 =| 330 MIN, = 070 wax| |— 
LTE RN a 


: .025 
ce ees ee 
Bin - 195°C/Watt (Still Air) 
Ojc - 55°C Watt (Still Air) 


OTHERWISE SHOWN. 


300 —— 
je™ ~| | 


15° 


fo 
.100 018 + .003 


125 +.020 
-.000 


Bq - 100°C Watt (Still Air) 
Oj - 30°C/Watt (Still Air) 


ae 
| 
f 
440 | 
MAX], 
q 
a 
a 


ALL DIMENSIONS IN INCHES. 
ALL DIMENSIONS + .010 UNLESS 


{| |~-—, —=\\= .010 
+ .003 


The HM-7202 is a 1024 Word X 1-Bit static N-Channel 
Random Access Read/Write Memory. Its TTL-Compatible 
1/0, single +5V supply, and static circuitry allow ease of 
operation without refresh or clocking. 


Data Out is non-inverted from Data In. 


A chip select and three-state output allow easy memory array 
expansion. Input protection and 2 full TTL load drive capa- 
bility round out the features of this eas\y-to-use-device. 


The HM-7202 is compatible with the industry standard 
2102-type devices, and is available in commercial and mili- 
tary temperature range, in a number of speed categories. 
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————$© VEC 
4 
Ato [sea =—o GND 
5 ROW CELL 
oe | SELECTOR ARRAY 
‘ 32 ROWS 
A3 > 32 COLUMNS 
aa aa 


2 a: ae 
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3 
as as INPUT 


COLUMN 1/0 CIRCUITS 
DATA 
1 a al CONTROL | COLUMN SELECTOR SELECTOR 
J 
=e 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


-65°C to +150°C 
0°C to+70°C (7202-5) 
-55°C to +125°C (7202-2) 
500mW 


Storage Temperature: 
Ambient Operating Temperature: 


Maximum Power Dissipation: 


ELECTRICAL CHARACTERISTICS: 


NOTE: Voc = +5.0V 15% (7202-5) 
Voc = +5.0V 110% (7202-2) 


-0.5V to +7.0V 
_0.5V to +7.0V 


Vec To Ground (Continuous): 
Voltage To Ground On Any 
Input Or Output: 


Maximum Current Into Output +50mA 


HM-7202-5 HM-7202-2 
PARAMETER SYMBOL Tp = 0°C To +70°C Tp = -55°C To +125°C UNITS CONDITIONS 
P OMIN TPT MAX MIN TYP MAX 
Address/Enable a MA Vin = Veco + 0.5V 
Forward Current ae MA 
Address/Enable “0” MA Vin =O 
Reverse Current “0” pA 
Voltage “Q” V Vec = Vec Max 
D.C. = 
Output Voltage “y" Vou V Igy = -0.2ma 
(Three-State) “o" VoL lop = 3.2ma 
Output Leakage i lOHL PA VGE = +2.0V 
Vout =Vect 0.5V 
Current, Deselected “9” lOLL LA VGE = +2.0V 
Vout =9 
Power Supply Current lec 50 50 mA All Inputs = Voc Max 
: Vec = Vec Max 
Static: Output = 
high impedance 
MIL/COMM MIL/COMM MIL/COMM MIL COMM 
[min | max | min [max | min | Max MAX 
READ CYCLE: 
Address Access Time 350 C, = 50pF 
Chip Enable AccesTine [too [| __ ac iso 
Address-Output Hold Time | tony | 50 | Reference = 1.5V 
CE-Output Hold Time | tona [| 0 | 


Read Cycle Time trc 


A.C. WRITE CYCLE: 


Address Write Setup Time 
Write Pulse Width Time 
Write Recovery Time 
Data Setup Time 


Ps 
~~. 
E 

(Sa) 

i=) 


Data Hold Time | 100 | | 100 | 
CE-Write Setup Time tow | 900 | } 650 400 
Write Cycle Time two | 1000 650 500 
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input Pulse Levels 
+0.65V to +2.2V 


tp = te = 20NS 


INO | ao 
NO 
oI;io 
=a 
ioe) 


> 
[ow] 
fom 
wo 
or 
So 


TEST CHARACTERISTICS 


READ CYCLE 


L soceanmmenraees tip: onsarersee-acaesctl 


C7, i ///7 


Vin So aes (15 9 eee 
vee MIL 
nearness —_ | ton? 
V 
— << VLLLLLLLLLLLLLLLL LEK IO XR LLP 
‘OHI 
WRITE CYCLE 


$$ twee FFF 


Vii 
CHIP Vit 
ENABLE Vit 
—<— tywRa 
———_—— 'aw twee ——$—$_—_$_$__—» 
VIH 


READ/WRITE 
Vit 


SSNS GD SSN 
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CAPACITANCE 
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(1) 
LIMITS 


FUNCTION CONDITIONS 


Address Input 


pF 
Read/Write Voc =+5.0V; Ta = +25°C pF 
Input/Output V7 =O0V; f= 1MHz pF 


NOTE 1. Capacitance is guaranteed, and sampled, but is not 100% tested. 


HARRIS GENERIC PROM PRODUCT CHART 


PART OUTPUT 
NUMBER TYPE 


HM-7610 
HM-7611 


HM-7620 
HM-~7621 


HM-7640 
HM-7641 


HM-7644 


HM-7642 
HM-7643 


HM-7602 
HM-7603 


(OC) 
(TS) 


ACTIVE 
PULLUP 


MAXIMUM ACCESS TYPICAL 


OVER VOLTAGE PROGRAMMING 
AND TEMP. TIME (ALL BITS) 


a - 
- 


: 
7 


7 
a 7 
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PINOUT 


On OOf& WN” Ono nr WN 


On AO a WN = 


a 
ac 
a) 
= 
Lu 
= 


OOnN HOO h WN — Con OuoaWwWwn - 


On Ouorkh WH 


> 
aw 
© 
= 
LW 
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weeps _—«xHM-7602/7603 


ee eee 256—Bit Field Programmable 


Bipolar PROM 


FEATURES DESCRIPTION 


e@ 32 Words, 8-Bits per Word 
e Simple, High Speed Programming Procedure (less than 


1 second Typical) 


e Inputs and Outputs TTL Compatible 
> Low Input Current — 400 yA Logic “0", 40 uA “1” 
> Full Output Drive — 15mA Sink/2mA Source 


@ Fast Access Time — 40ns Over Commercial Temperature 
and Voltage; 50ns Over Military Temperature and 


Voltage 


@ Expandable — ‘‘Wired-Or” Outputs with Chip Select 


The HM-7602 (open collector) and HM-7603 (three-state) 
are fully decoded, high speed, 256-bit programmable ROM’S 
Organized as 32 words by 8-bits per word. They are supplied 
with all bits storing a logical “1” (outputs high), and can be 
selectively programmed for a logical “0” (outputs low). 


The nichrome fuse technology is the same as is used in the 
JAN approved MIL 38510/201 PROM, and in all other 
Harris PROMS. 


) PACKAGE The field programmable PROM can be custom programmed 
to any pattern using a simple programming procedure. 


CODE 1D 


[" 
.018 + .003 .125 + .020 


Schottky Bipolar circuitry provides extremely fast access 
time, and features temperature and voltage compensation to 
minimize variations in access time. 


ALL DIMENSIONS IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


Oia = 80°C/W STILL AIR 


.300 
i m= 


--} Le ——\\= .010 
+. 


In addition to the conventional storage array, two test rows 
and one test column are included to assure high program- 
mability, and guarantee parametric and A.C. performance. 
Fuses in these test rows and columns are blown prior to 


¥ shipment. 
15° 003 


- .000 


- BLOCK DIAGRAM 
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Ap (10) 
A, (11) 
Ag (12) 
Ag (13) 
Ay (14) 


CS (15) 


1 OF 32 
ADDRESS ROW 32 X8 
BUFFERS DECODER MEMORY ARRAY 


Vec = Pin (16) 
GND =Pin ( 8) 


(7) (6) (5) (4) (3) (2) (1) 
07 Og 05 O4 03 02 0, 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Output or Supply Voltage (Operating) 
Address/Enable Input Voltage 
Address/Enable {nput Current 


Stresses above those listed under the ‘Absolute Maxi- 
mum Rating’ may cause permanent damage to the de- 
vice. This is a stress only rating and functional opera- 
tion of the device at these or at any other condition 
above those indicated in the operational sections of 
this specification is not implied. (While programming, 
follow the programming specifications.) 


Output Sink Current 
Storage Temperature 


Operating Temperature (Ambient ) 
Maximum Junction Temperature 


ELECTRICAL CHARACTERISTICS (OPERATING) 


HM-7602-5 HM-7603-5 
Vcc 5V +5% 5V +5% 
TA 0°C to +70°C 0°C to +70°C TEST 
panameren [svmeou| win [ TvP. [ WAX | MIN. | TYP. | WAX [UNITS] CONDITIONS 
Address/Enable “U"'l Ipa, Ipe 40 40 pA Vin = Vec Max 
Input Current “O") leg, tee ~0.4 -0.4 mA Vit = 0.45V 
Input Threshold “TT Ving V Vec = VecMin 
Voltage “O"l Vig V Vee = VecMax 
Output Voltage “W') Von N/A Vv lon =-2-0mA Vee = VecMin 
“O"!| Vot 0.35 V lo = +15mA, Voc = VecMin 
V=Vcs = 0.8V 
DC Output Disabled "1"! lone 100 100 BA | Von. Voc = Vec max 
_ Current “0” lo LE N/A -100 PLA Vou = +0.3V, Vec = Vec Max 
| V=Vesg = 2.0V 
Power Supply Vec = Vec Max 
Current All Inputs Grounded 
So 
Output Short Circuit N/A N/A Vcc = Vec Max. Vout = 0.0V 
Current One output only for a Max 5 
of 1 sec oc 
i) 
A.C. Enable Access Time tea 20 30 20 30 ns Vec and Tp Over Full Range = 
Typical Measurements are at Ta = 25°C, Voc = +5V 
HM-7602-2 - HM-7603-2 
Vec 5V +10% 5V +10% 
TA -§5°C . +125°C -§5°C to +125°C TEST 
PARAMETER SYMBOL | TYP. | MAX. | T | MAX. ff UNITS CONDITIONS 
Address/Enable “I'l Ina, Ipe 40 40 MA | Vin = Vcc Max 
input Current “O"| lea. lee -0.4 -0.4 mA Vit = 0.45V 
Input Threshold “U'l Ving Vec = Vcc Mia 
Voltage “O") Vin Vec = Vec Max 
Output Voltage “T')| Von lon = -2.0mA; Veg =Vec Min 
“0” VoL lot = +15mA; Vec =Vcc Min 
V=Ves = 0.8V 
D.C. . segee raed 
Output Disabled "| lone 100 100 Von: Vec = Vec Max 
Current “0" foe N/A ~100 Var = +0.3V, Vec = Vec Max 


V= Ves = 2.0V 


Output Leakage at he N/A 


Von: Vcc = Vcc Max 


Vec = Vec Max 
All Inputs Grounded 


Power Supply Current 


Input Clamp Voltage lig = -10ma 
Output Short Circuit Vec = Vcc Max, Vout = 0.0V 
Current One output only for a Max of 1 sec 


Address Access Time 


~~ 


an 


= F -4 
> > 


= 
~ 


Vec and T, Over Full Range 
AC. 


w 
nn 
RO 
i— 
| 
a 


Enable Access Time tea Vec and Ta Over Full Range 


Typical Measurements are at Ty, = 25°C, Voc = +5V 


CAPACITANCE (1): Tg = 25°C 
PARAMETER SYMBOL 
Add. Input Cap. | Cin a, CS 


Vcc = 5V. Vin = 2.0V (f= IMHz 
Vcc = 5V, Vout = 2.0V ,f = 1MHz 


_ Output Cap. CouT 


NOTE: (1) These parameters are only periodically sampled and are not 100% tested. 
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SWITCHING TIME DEFINITIONS | A.C. TEST LOAD 


5.0V 


j 

1 

1 3.0V 
ADDRESS _-1.5V >< 

: , 0.0V 


' 
ta —~) | 


OUTPUT 1.5V “0” OUTPUT sv | Fi sv 


te, te < SNS 


*Includes jig & probe 
total capacitance 


PROGRAMMING 


The HM-7602/7603 is manufactured with all bits/outputs Logical “1” (Output High). Any desired bit/output can be pro- 

grammed to a Logical “0” (Output Low) by following the simple procedure shown below. One may build his own programmer 

to satisfy the specifications described in Table 1, or buy any of the commercially available programmers which meet these 
_ specifications. The HM-7602/7603 can be programmed automatically or by the manual procedure shown below. 


PROGRAMMING SPECIFICATIONS SCHEMATIC DIAGRAMS 


TABLE 1 | HM-7602 
RECOM- 
MEND 
PARAMETER SYMBOL MIN. | VALUE | MAX. | UNITS O 
Address Input 5.0 V FROM 10F Lee ee 0x 
Voltage (1) 0.8 V leeds 


DECODE 


4 


ee ee 


< 
o> 
sles 


Programming/Verify 11.5 
Voltage to Vcc (2) VeL 3.75 


owt 


o 


Pr 

No 

Ra 
< 


. 


> 
cc 
© 
= 
Lid 
= 


Programming 
Voltage Current 
Limit 


mA 


OF 1TO08 
COLUMN 
DECODE 


| 

[ 

[ 

| 

TO OR-TIE ! 

| 

Programming (Vcc) I 


Voltage Rise and 
Fail Time 


i oa 
” 
| 


{ 
| 
l 
l 
| 
L 


TO CHIP 
Us SELECTS 


OPEN COLLECTOR OUTPUT 


PROGRAMMING CIRCUITRY 


Programming 
Delay 


Programming 
Pulse Width — 


oO 
O 
a) 


ON 
o } 
nel 
aN 
oe 


First Attempts HM-7603 
Programming Vec OQ 
Pulse Width — tp2 ms 
Subsequent 
Programming P 
Duty Cycle oe: % . r 
@ 
Output Voltage | FROM 1 OF La 0x 
VoPE V 8 COLUMN © , 
Enable nECODE 
Disable (3) Vopo V r 7 
Output Voltage a t { 
Enable Current Limit ' 
Case Temp Tc 75 °C 1 To or-Tie | 
J -ofitos | 
| COLUMN | 
1. Address and chip select should not be left open for Vine = i DECODE | 
2. Verification at Vac = 4.0 +.25 Volts, T, = 25°C is Uae | | 
‘ cc A SELECTS — = 
recommended to guardband performance over full tem- L= Sesh ection) ceed sea Ses Ras | 
perature and voltage range. : THREE-STATE OUTPUT PROGRAMMING CIRCUITRY 


3. Disable condition will be met with output open circuit. 
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PROGRAMMING PROCEDURE 


RECOMMENDED PROGRAMMING CIRCUIT 


Ag 
Ay 
A2 
A3 


Aq 
¢s 


. Address the PROM with the binary address of the 


selected word to be programmed Address inputs are 
TTL compatible. An open circuit should not be used to 


address the PROM. 
Disable the chip by applying input highs (V),4) to the 


chip select input. The chip select inputis TTL com- 


patible. An open circuit should not be used to disable 
the chip. 

Disable the programming circuitry by applying an Qut- 
put Voltage Disable of less than Vopp to the output of 
the PROM. The output may be left open circuit to 


achieve the disable. 
Raise Vec to Vpy with rise time equal to t,. 


5. After a delay equal to or greater than ty, apply a pulse 


with amplitude equal to Vgpe and duration of ty 1 to 
the output selected for programming. Note that the 
PROM is supplied with fuses intact generating an output 
high. Programming a fuse will cause the output to go 
low in the verify mode. 


. Other bits in the same word may be programmed while 


the Vcc input is raised to Vpyy by applying output 


enable pulses to each output which is to be programmed. 
The output enable pulses must be separated by a min- 
imum interval of tg. 


Lower Vr to 4.0 + .25 Volts following a delay to ty from 


the last programming enable pulse applied to an output. 
Enable the PROM for verification by applying a logic 
“0” (Vj ,) to the CS input. 

If any bit does not verify as programmed, repeat steps 
2 through 8 using an output pulse enable width of tot 
for up to 15 additional pulses to enhance programming 
speed. If the bit is still unprogrammed, follow with at 
least 16 repetitive pulses of to2 in width, to achieve 
high programming yield. In the event that the bit is still 
unprogrammed, the part is considered a programming 
reject and should be returned to the factory. The ad- 
dress and incorrect and desired contents of a location in 
which a programming failure has occured in any returned 
device must be included with that return. 

Repeat steps 1 thru 9 for all other bits to be programmed 
in the PROM. 


The circuit and timing diagram shown in Figures 1 and 2 will establish the proper programming condition for the 
output enable pulse. This allows the use of standard TTL parts for all logic inputs to the PROM. Note the gate which 
senses the output must be input protected to withstand input up to 12.5 Volts during programming. 


Vp 


Ls f 
Vee z - DATA-8 


> DATA-1 
HIGH 
VOLTAGE/CURRENT 
TTL GATE 


SENSE GATE 
a 0, 

@ 

e 

e 

@ 

@ 

® 

e 

e 


FIGURE 1 


FIGURE 2 
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MEMORY 


HM-7610/7611 


1024-Bit Field Programmable 


Bipolar PROM 


© 256 Words, 4-Bits per Word 


© Simple, High Speed Programming Procedure (less Than 
1 Second Typical) 
@|nputs and Outputs TTL Compatible 


> Low Input Current -400 WA Logic 0", 40 uA Logic “1” 
> Full Output Drive -15mA Sink/2mA Source 


@ Fast Access Time—60NS Over Commercial Tempera- 
ture & Voltage, 75NS Over Military Temperature & 
Voltage 

® Expandable — “Wired-Or” Outputs With Chip Select 


® Pin Compatible With Industry Standard 256 X 4 Proms 


PACKAGE 


ALL DIMENSIONS IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


MEMORY 


|| 


as 
.018 + .00 


125 +.020 
~.000 


BLOCK DIAGRAM 


Ay A, 
(4) (3) 


Vec = PIN (16) 
GND = PIN ( 8) 


ADDRESS 
BUFFERS 
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FEATURES DESCRIPTION — 


The HM-7610 (open collector) and HM-7611 (three-state) 
are fully decoded, high speed, 1024-bit programmable ROM'S 
Organized as 256 words by 4 bits per word. They are supplied 
with all bits storing a logical “1 (outputs high), and can be 
selectively programmed for a logical ‘0’ (outputs low). 

The nichrome fuse technology is the same as is used in the 
JAN approved MIL 38510/201 PROM, and in all other 
Harris PROMS. 

The field programmable PROM can be custom programmed 
to any pattern using a simple programming procedure. 
Schottky Bipolar circuitry provides extremely fast access 
time, and features temperature and voltage compensation to 
minimize variations in access time. 

The pinout is compatible with the industry standard 256X4 
PROM. 

In addition to the conventional storage array, two test rows 
and two test columns are included to assure high program- 
mability, and guarantee parametric and A.C. performance. 
Fuses in these test rows and columns are blown prior to 
shipment. 


As Ag A) 
(2) (1) (18) 


1 OF 32 
ROW 
DECODER 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Output or Supply Voltage (Operating) 
Address/Enable Input Voltage 
Address/Enable Input Current 


Stresses above those listed under the “Absolute Maxi- 
mum Rating’ may cause permanent damage to the de- 
vice. This is a stress only rating and functional opera- 
tion of the device at these or at any other condition 
above those indicated in the operational sections of 
this specification is not implied. (While programming, 
follow the programming specifications.) 


Output Sink Current 
Storage Temperature 


Operating Temperature (Ambient ) 
Maximum Junction Temperature 


ELECTRICAL CHARACTERISTICS (OPERATING) 


HM-7610-5 HM-7611-5 
5V +5% 5V 45% 
a 0°C $3 +0 TEST 
PARAMETER | SYMBOL J MIN. | T Pp. | MAX. | | typ. | MAX. [UNITS CONDITIONS 


Address/Enable “WT lpn, Ipe 40 40 Vin = Vec Max 
Input Current “O") tea. lee -0.4 Vit = 0.45V 

Input Threshold ae Vec = VecMin 
Voltage “0” Vec = VecMax 


Output Voltage oT 
“o" 


Vin 

Vit 

Vou 

Vo 

Output Disabled “WT Igue 
D.C. Current “O"!| loLE 


lon =-2.0mA Vege = VecMin 
lot = +15mA, Vee = VecMin 


t 
—] 
< > > > <</|/< <| > > 


Ves, = Ves» = 0.8V 
Von. Veo = Vee max 
Voi = +0.3V, Vege = Veg Max 
Ves, = Veso = 2.0V 


Output Leakage Von: Voc = Vee Max 
Vec = Vec Max 
All Inputs Grounded 


Power Supply 
Current 


Input Clamp Voltage lin = -10ma 


2 
~ 


ik 
ee 


gS 
= 


Output Short Circuit N/A Vec = Vec Max. Vout = 0.0V 

Current One output only for a Max 
of 1 sec 

Address Acces Time Vec and Ta Over Full Range 

~ poo cc 
Enable Access Time 25 Vec and Ta Over Full Range 
Typical Measurements are at T, = 25°C, Vec = +6V 
HM-7610-2 HM-7611-2 
Voc 5V +10% 5V +10% 
TA -55°C to +125°C -55°C to +1259C TEST 
PARAMETER SYMBOL J MIN. | TYP. | MAX.J MIN. | TYP. [ MAX. [UNITS CONDITIONS 

Address/Enable "I" lea, tpe 40 40 pA Vin = Voc Max 

input Current “O"l lea lee -0.4 -0.4 mA Vit = 0.45V 

Input Threshold “U') Vin Vv Vec = Vec Min 

Voltage “o" = VT Voc = Veg Max 

Output Voltage 74" N/A V lon = -2.0mA; Voc =Vec Min 
Ves, = Ves, = 0.8V 

D.C. Output Disabied "ll IgnEe 100 100 pA Vor: Voc = Vee Max 

Current “0") lore N/A -100 BA Voi = +0.3V, Veg = Veg Max 
Ves, = Veso = 2.0V 

Power Supply Current Vec = Vee Max 
All Inputs Grounded 

reste vor [ve | [| [>* |_| [28 | | tm 

Output Short Circuit N/A N/A Vec = Vec Max, Voyt = 0.0V 

Current One output only for a Max of 1 sec 

Address A Ti 75 7 V Full R 

Enable Access Time Vec and Ta Over Full Range 


Typical Measurements are at Ta = 25°C, Voc = +5V 


CAPACITANCE (1): Ta = 25°C 
PARAMETER SYMBOL 
Add. input Cap. Cin a. CS 
CouT 


Vcc = 5V, Vin = 2.0V .f = IMHz 


Output Cap. Vcc = 5V, VouT = 2.0V .f = MHz 


NOTE: (1) These parameters are only periodically sampled and are not 100% tested. 
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SWITCHING TIME DEFINITIONS — On A.C. TEST LOAD 


CS @ CS, 


' 

! 

3.0V 
ADDRESS 1.5V « 

i . 0.0V 


ta — | | | | j 


OUTPUT 1.5V “QO” OUTPUT sv | Fisy 


te, te < 5NS 


*Includes jig & probe 
total capacitance 


PROGRAMMING 


The HM-7610/7611 is manufactured with all bits/outputs Logical “1” (Output High). Any desired bit/output can be pro- 
grammed to a Logical ‘’0” (Output Low) by following the simple procedure shown below. One may build his own programmer 
to satisfy the specifications described in Table 1, or buy any of the commercially available programmers which meet these spec- 
ifications. The HM-7610/7611 can be programmed automatically or by the manual procedure shown below. 


PROGRAMMING SPECIFICATIONS SCHEMATIC DIAGRAMS 


TABLE 1 HM-7610 
RECOM- 
MEND 
PARAMETER SYMBOL MIN. — MAX. | UNITS 
Voltage (1) V FROM 1 0F er. 0x 
> ai i: 00 08 8 COLUMN © _ 
= Programming/Verify VPH 11.5 12.0 12.5 DECODE r 7 
= Voltage to Vcc (2) VeL 3.75 4.0 4.25 I 
= Programming pion | 
Voltage Current lccp mA j | 
Ba TO OR-TIE 
_ Limit OF 1T08 
COLUMN 
Programming (Vcc) pecooe | 
Voltage Rise and r Ms | [ 
Fall Ti t = 
pes a aie L PROGRAMMING CIRCUITRY 
SELECTS 
Programming 
Programming 
Pulse Width — Us 
Ei 
irst Attempts HM-7611 
Programming 
Pulse Width ~ tp2 ms Vec O 
Subsequent 
Programming ; 
Output Voltage . 
Enable VOPE V ots : Oy 
Disable (3) V V ete ee eta ee OR 
OPD DECODE r 7 
Output Voltage i | 
Enable Current Limit | | 
Case Temp Te 18 = | 
TO OR-TIE : 
| OF 1T08 
1. Address and chip select should not be left open for Vine i co.umn | 
2. Verification at Voc = 4.0 t .25 Volts, Ta = 25°C is be . | DECODE | 
recommended to guardband performance over full tem- SELECTS | = = | 
perature and voltage range. Se ee = 
3. Disable condition will be met with output open circuit. THREE-STATE OUTPUT PROGRAM MNS nee 
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PROGRAMMING PROCEDURE 


. Address the PROM with the binary address of the 
selected word to be programmed Address inputs are 
TTL compatible. An open circuit should not be used to 
address the PROM. 

2. Disable the chip by applying input highs (Vj,4) to both 
chip select inputs. The chip select inputs are TTL com- 
patible. An open circuit should not be used to disable 


the chip. 
3. Disable the programming circuitry by applying an Out- 


put Voltage Disable of less than Vopp to the output of 
the PROM. The output may be left open circuit to 


achieve the disable. 
4. Raise Vcc to Vpy with rise time equal to t,. 


9. After a delay equal to or greater than ty, apply a pulse 
with amplitude equal to Vgpe and duration of t,4 to 
the output selected for programming. Note that the 
PROM is supplied with fuses intact generating an output 
high. Programming a fuse will cause the output to go 


low in the verify mode. 
6. Other bits in the same word may be programmed while 


the Vcc input is raised to Vpy by applying output 


RECOMMENDED PROGRAMMING CIRCUIT 


The circuit and timing diagram shown in Figures 1 and 2 will establish the proper programming condition for the 
output enable pulse. This allows the use of standard TTL parts for all logic inputs to the PROM. Note the gate which 
senses the output must be input protected to withstand input up to 12.5 Volts during programming. 


Vp 
_ 3383 ad 
Ao Voc : & DATA-4 
Ai » z 
A3 DEVICE ° ca Los EIS 
Ay BEING 
PRO- 
Ag GRAMMED DATA-2 
a Gis 
(So DATA-1 
on a Giz 
HIGH 
VOLTAGE/CURRENT 
TTL GATE 
SENSE GATE 
- 0; 
e 
e 
e 
@ 
e 
@ 
e 
> 04 


FIGURE 1 


enable pulses to each output which is to be programmed. 
The output enable pulses must be separated by a min- 


imum interval of ty: 


7. Lower Vcc to 4.0 £.25 Volts following a delay to ty from 


the last programming enable pulse applied to an output. 


8. Enable the PROM for verification by applying a logic 
“0” (Vi, ) to the CS, and CS> inputs. 
9. If any bit does not verify as programmed, repeat steps 


2 through 8 using an output pulse enable width of to 


for up to 15 additional pulses to enhance programming 


speed. If the bit is still unprogrammed, follow with at 


least 16 repetitive pulses of to? in width, to achieve 


high programming yield. In the event that the bit is still 


unprogrammed, the part is considered a programming 


reject and should be returned to the factory. The ad- 


dress and incorrect and desired contents of a location in 


which a programming failure has occured in any returned 


device must be included with that return. 


10. Repeat steps 1 thru 9 for all other bits to be programmed 
in the PROM. 


DATA-4 ee = 
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FIGURE 2 
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SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


| FEATURES DESCRIPTION OY 


@ 512 Words, 4 Bits per Word 
@ Simple, High Speed Programming Procedure (2 Seconds) 
® Inputs and Outputs TTL Compatible 
>Low Input Current - 400 uA Logic "0", 404A Logic "1" 
> Full Output Drive - 15mA Sink/2mA Source 
@ Fast Access Time - 7Qns Over Commercial Temperature 
& Voltage, 85ns Over Military Temperature & Voltage 
@ Expandable - "Wired-Or” Outputs With Chip Select 
@ Upward Pin Compatibility With 256 x 4 Proms 


PACKAGE 


16 LEAD CERAMIC D.1.P. 


ALL DIMENSIONS IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


Oja = 80°C/W STILL AIR 


BLOCK DIAGRAM 
Vec = PIN (16) 
GND = PIN ( 8) 
Ag (5) 
mo ol MPS 
Az (7) ; 
CS, (13) 
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64 X 16 1 OF 64 64 X 16 
MEMORY ROW MEMORY. 
OECODER 


HM-7620/7621 


2048-Bit Field Programmable 
Bipolar PROM 


The HM-7620 (open collector) and HM-7621 (three- 
state) are fully decoded, high speed, 2048-bit programm- 
able ROM’S organized as 512 words by 4 bits per word. 
They are supplied with all bits storing a logical “1” (out- 
puts high), and can be selectively programmed for a 
logical ‘’0’’ (outputs low). 


The nichrome fuse technology is the same as is used in the 
JAN approved MIL 38510/201 PROM, and in all other 
Harris PROMS. 


The field programmable PROM can be custom program- 
med to any pattern using a simple programming pro- 
cedure. Schottky Bipolar circuitry provides extremely 
fast access time, and features temperature and voltage 
compensation to minimize variations in access time. 


The pinout is compatible with the industry standard 
256x4PROM with the exception that the CS2 input on 
pin 14 is replaced by Address Input A8. Systems using 
256 x 4 PROMS can be upgraded to store twice the num- 
ber of bits within the same board area, while maintaining 
the same system power requirements. Alternatively, both 
the package count and the system power can be halved by 
using the HM-7620/HM-7621 in place of the 256 x 4 

PROM. | 


In addition to the conventional storage array, two test 
rows and two test columns are included to assure high 
programmability, and guarantee parametric and A.C. per- 
formance. These fuses are blown prior to shipment. 


Ag Aq As Ag Az Ag 
(4) (3) = (2) (1) CS) (14) 


ADDRESS 
BUFFERS 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Output or Supply Voltage (Operating) 
Address/Enable Input Voltage 
Address/Enable Input Current 
Output Sink Current 

Storage Temperature 


Operating Temperature (Ambient ) 
Maximum Junction Temperature 


Stresses above those listed under the ‘Absolute Maxi- 
mum Rating’ may cause permanent damage to the de- 
vice. This is a stress only rating and functional opera- 
tion of the device at these or at any other condition 


above those indicated in the operational sections of 
this specification is not implied. (While programming, 
follow the programming specifications.) 


ELECTRICAL CHARACTERISTICS (OPERATING) 


HM-7620-5 HM-7621-5 
Voc BV +5% 5V +5% 
TA 0°C to +70°C 0°C to +70°C TEST 
PARAMETER SymBoL { MIN. | TYP. [ MAX. | MIN. | TYP. [| MAX. | UNITS CONDITIONS 
Address/E nable “T'T tpn, tre 40 40 A Vi = Voc Max 
Input Current "O") lea, lee -0.4 -0.4 mA | Vy, =0.45V 
Input Threshold “VT Vin 2.0 V Vec = VecMin 
Voltage “O") Vip Vo} Veg = VecMax 
Output Voltage “VW! Von N/A V lon =-2.0mA Veg = VecMin 
"0" Vor V lon = +15mA, Vec = VecMin 
Output Disabled “I'l IoWE 100 100 BA | Vou. Vee = Vcc max 
D.C. Current “Ol love N/A -100 HMA | Voz = +0.3V, Voc = Voc Max 
Power Supply lec Vec = Vcc Max 
Current All Inputs Grounded 
Output Short Circuit N/A N/A 30 Vec= Vec Max, Vout = 0.0V 
Current One output only for a Max 
of 1 sec a 
ac, Biwesaecesting | ta | | ef Tf eof 0a | Vcc and ty Over Full Range = 
Enable Access Time tea 15 25 15 25 ns Vee and Ty Over Full Range = 
Typical Measurements are at T, = 25°C, Vcc = +5V 
HM-7620-2 HM-7621-2 
Vcc 5V +10% 5V +10% 
TA -55°C to +1259 -55°C to +125°C TEST 
PARAMETER SYMBOL | MIN. | TYP. | MAX. MAX. | UNITS CONDITIONS 
Address/Enable “Tl Ira. lpg *40 *40 pA Vin = Voc Max 
Input Current “O"! lea. lee *.0.4 *-0.4 mA | Vj, = 0.45V 
Input Threshold Wy Vig Vec = Vec Min 
Voltage O°} Vip Vec = Vcc Max 


Output Voltage 


< 
l=) 
=x 
2 
— 
> 


low = -2.0mA; Vcc =Vcc Min © 
lon = +15mA; Vec =Vec Min 


. . 
S - 
Qo — 
: - 
og . 


ee 

oo|;< 
-.x,{|O 
mi mi | 


Vou: Vcc = Ver Max 
Vor = +0.3V, Vec = Vec Max 


D.C. Output Disabled 
Current 


~ 
. 
J 
- 
. 


Output Leakage 


Power Supply Current lec - 


Input Clamp Voltage 


Vet 
Output Short Circuit N/A 
Current 
Address Access Time t wl 
A.C. AA 


Enable Access Time EA 15 *30 15 *30 


Vou: Vcc = Voc Max 


Vec = Vec Max 
All Inputs Grounded 


lin = -10ma 


Vec = Vcc Max, Vout = 0.0V 
One output only for a Max of 1 sec 


= 
> 
a 
< >i rPric<ccjce 


Vec and Ta Over Full Range 


] 
a“ 


Veg and Ta Over Full Range 
Typical Measurements are at T, = 25°, Veco =+5V 
*100% Tested For DASH 8 


CAPACITANCE (1): Ta = 259°C 

PARAMETER ; UNITS | TEST CONDITIONS 
Vcc = 5V, Vin = 2.0V, f = 1MHz 
Vcc = 5V, Vout = 2.0V, f= IMHz 


Add. Input Cap. 


Output Cap. 


NOTE: (1) These parameters are only periodically sampled and are not 100% tested. 


Me - 37 


Sc 
om 
© 
= 
ud 
= 


SWITCHING TIME DEFINITIONS 


3.0V 
ADDRESS = 1.5V >< 
, ‘ 0.0V 


ta—e~, 


OUTPUT 1.5V 


PROGRAMMING 


te, te < SNS 


A.C. TEST LOAD 


5.0V 


*Includes jig & probe 
total capacitance 


The HM-7620/7621 is manufactured with all bits/outputs Logical “1‘’ (Output High). Any desired bit/output can be pro- 
grammed to a Logical ‘’0’ (Output Low) by following the simple procedure shown below. One may build his own programmer 
to satisfy the specifications described in Table 1, or buy any of the commercially available programmers which meet these spec- 
ifications. The HM-7620/7621 can be programmed automatically or by the manual procedure shown below. 


RECOM- 
MENO 
PARAMETER SYMBOL MIN. | VALUE | MAX. | UNITS 
Address Input V 
Voltage (1) Vit V 


Programming/ Verify Vpy 
Voltage to Vcc Vet 


Programming 
Voltage Current 
Limit (2) 


mA 


Programming (Vcc) 
Voltage Rise and 
Fall Time 


Programming 
Delay 


Programming 
Pulse Width — 
First Attempts 


oO <x 
2 x 
~ on 
wn 0 © 
zr 
aA 


Programming 
Pulse Width — tp2 
Subsequent 


ms 


Programming 
Duty Cycle 


Output Voltage y, 
Enable OPE 
Disable (3) Vopo 


0.C. ‘% 


Output Voltage 
Enable Current Limit 


Case Temp 


— 
oO 


1. Address and chip select should not be left open for Vin: 

2. Verification at Voc = 4.0 * .25 Volts, T, = 25°C is 
recommended to guardband performance over full tem- 
perature and voltage range. 

3. Disable condition will be met with output open circuit. 
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PROGRAMMING SPECIFICATIONS SCHEMATIC DIAGRAMS 


HM-7620 


FROM 1 OF 
8 COLUMN © 
DECODE 


TO CHIP 
SELECT 


OPEN COLLECTOR OUTPUT 


HM-7621 
+5.0V © 
8 COLUMN © 
DECODE 
TO CHIP 
SELECT 


THREE-STATE OUTPUT 


ee 


TO OR-TIE 
OF 10F8 
COLUMN 
DECODE 


i ee eee 


PROGAMMING CIRCUITRY 


@ 

0x 

i Se eS | 

! ] 

( { 

| 

' | 

l To or-Tie 
i OF 10F8 
| COLUMN 

{ DECODE | 

ree ee 


PROGRAMMING CIRCUITRY 


PROGRAMMING PROCEDURE 


Address the PROM with the binary address of 
the selected word to be programmed. Address 


Other bits in the same word may be programmed 
while the Vec¢ input is raised to Vpy by applying 
output enable pulses to each output which is to be 


programmed. The output enable pulses must be 
separated by a minimum interval of tq. 


grammed in the PROM. 


inputs are TTL compatible. An open circuit 7. Return VCC to 4.0 £.25 V following a delay of tg from 
should not be used to address the PROM. the last programming enable pulse applied to an output. 
Disable the chip by applying an input high (Vjj4) to 8. Enable the PROM for verification by applying a 
the chip select input. The chip select input is TTL logic “0” (Vip) to the CS input. 

eompacnte: au SPE US CS VOU anOiue acer 9. If any bit does not verify as programmed, repeat steps 
ee aL : 2 through 8 using an output pulse enable width of 
Disable the det circuitry by applying an tot for up to 15 additional pulses to enhance program- 
Output Voltage Disable of less than Vqpp to the out- ming speed. If the bit is still unprogrammed, follow 
put of the PROM. The output may be left open cir- with at least 16 repetitive pulses of ty? in width, to 
cuit to achieve the disable. achieve high programming yield. In the event that the 
Raise Voc to Vpy with rise time equal to ty. bit is still unprogrammed, the part is considered a pro- 

. After a delay equal to or greater than ty, apply a gramming reject and should be returned to the 
pulse with amplitude equal to Vape and duration of factory. The address and incorrect and desired contents 
ty1 to the output selected for programming. Note that of a location in which a ca ea failure has 
the PROM is supplied with fuses intact generating an occured in any returned device must be included with 
output high. Programming a fuse will cause the out- that return. 
put to go low in the verify mode. 10. Repeat steps 1 thru 9 for all other bits to be pro- 


RECOMMENDED PROGRAMMING CIRCUIT 


The circuit and timing diagram shown in Figures 1 and 2 will establish the proper programming condition for the 
output enable pulse. This allows the use of standard TTL parts for all logic inputs to the PROM. Note the gate which 
senses the output must be input protected to withstand input up to 12.5 Volts during programming. 
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FIGURE 1 
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MEMORY 


SEMICONDUCTO 


A DIVISION OF HARRIS CORPORATION 


HM-7640/7641 


4096—Bit Field Programmable 


Bipolar PROM 


@ 512 Words, 8-Bits per Word 
© Simple, High Speed Programming Procedure (less than 
4 Seconds typical) 
e Inputs and Outputs TTL Compatible 
> Low Input Current — 400 uA Logic “0”, 40 WA Logic “1” 
> Full Output Drive — 15mA Sink/2mA Source 
@ Fast Access Time — 70ns Over Commercial Temperature 
and Voltage; 85ns Over Military Temperature and 
e Voltage 
e Expandable — “Wired-Or” Outputs with Chip Select 
e Pin Compatible with Industry Standard ROMS 


PACKAGE 


CODE 1J 


ALL DIMENSIONS IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


6a = 80°C/W STILL AIR 


a 600 —= 
220 MAX. 
35 |= 1.260 + 020 ——>| ‘ee : |=—-830 —-| 
{ 


INDEX NOTCH 


.050 TYP. 
| / . Os saat 
—>| |--— .018 + .003 cet = 90/450 


Vec = Pin (24) 
GND = Pin (12) 


0 
64 X 32 
MEMORY ARRAY 


(20 Pt EE ET L 

CS> (20) i) 

CSs (19) Ls Ga * e 

CSq (18) ° ° ° ° 

(17) (16) (15) (14) 
Og 0; 7 Os 
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I FEATURES _ DESCRIPTION 


The HM-7640 (open collector) and HM-7641 (three-state) 
are fully decoded, high speed, 4096-bit programmable 
ROM's organized as 512 words by 8 bits per word. They are 
supplied with all bits storing a logical “1” (outputs high), 
and can be selectively programmed for a logical 0” (outputs 
low). 


The nichrome fuse technology is the same as is used in the 
JAN approved MIL 38510/201 PROM, and in all other 
Harris PROMS. 


The field programmable PROM can be custom programmed 
to any pattern using a simple programming procedure. 
Schottky Bipolar circuitry provides extremely fast access 
time, and features temperature and voltage compensation to 
minimize variations in access time. 


In addition to the conventional storage array, two test rows 
and four test columns are included to assure high program- 
mability, and guarantee parametric and A.C. performance 
Fuses in these test rows and columns are blown prior to 
shipment. 


BLOCK DIAGRAM 


Ags Ag Az Ag 
(3) (2) (1) (23) 


ADDRESS 
BUFFERS 


0 
1 OF 64 
ROW lea 64 X 32 
DECODER MEMORY ARRAY 


(13) (11) (10) (9) 
04 03 02 0; 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Output or Supply Voltage (Operating) 
Address/Enable Input Voltage 
Address/Enable Input Current 


Output Sink Current 
Storage Temperature 


Operating Temperature (Ambient ) 
Maximum Junction Temperature 


ELECTRICAL CHARACTERISTICS (OPERATING) 


HM-7640-5 HM-7641-5 
Vcc BV +5% 5V +5% 
TA 
PARAMETER TYP. | MAX. TYP. TS 
Address/Enable 1} Ipa. Re 40 40 
Input Current “O"] leg. leg 


Input Threshold 2 


Voltage 


Ld 
oS 


\ 
baad 
‘> 


—_ 
. 


Output Voltage 


oH 
<< << 
ool=-~s 
-zrir = ile 


3 


0.35 


Cc 
=e 
<<j|/<</| >> 


t 
= 
> 


Output Disabled 
Current 


100 A 
D.C. 


Output Leakage a i Flown | } 100 | N/A 
Power Supply Icc 170 170 
Current 

Input Clamp Voltage Vet 


NO 
Ww 


Output Short Circuit 
Current 


= 
> 


2 
~ 
.~ 
< > 


Address Acces Time tAA 4 70 | 40 | 7 
A.C. 
Enable Access Time tea 15 25 15 ns 
Typical Measurements are at Tp = 25°C, Voc = +5V 
HM-7640-2 HM-~7641-2 
Vcc 5V +10% 5V +10% 
TA -§5°C to +125°C -559C to +125°C 
PARAMETER [SYMBOL J MIN. | TYP. [ MAX] MIN. | TYP. | MAX, | UNITS 
Address/Enable “TT Ina. IpE 40 40 BA 
Input Current “O"') lea. lee -0.4 -0.4 mA 
Input Threshold Wy Vig 2.0 2.0 V 
Voltage “O"} Vip V 
Output Voltage “WT Vow N/A 3.4 Vv 
“O"l Vor 0.45 0.35 V 
D.C, Output Disabled “Wl lone 100 100 pA 
Current 0”! loLe N/A -100 KA 
comtoor —Tfvow fff |_| [wa | om 
roncwovorw [va | |p] | [| » 
Output Short Circuit N/A N/A 23 ial 
Current 
Enable Access Time tea 15 30 15 30 ns 


Typical Measurements are at Tp = 25°C, Vcc = +5V 


CAPACITANCE (1): T A 25°C 
PARAMETER SYMBOL 
Add. Input Cap. Cin A, CS 


Vec = 5V, Vin = 2.0V f= IMHz 


Output Cap. CouT Vcc = 5V, Vout = 2.0V ,f = 1MHz 


NOTE: (1) These parameters are only periodically sampled and are not 100% tested. 


Stresses above those listed under the ‘Absolute Maxi- 
mum Rating’ may cause permanent damage to the de- 
vice. This is a stress only rating and functional opera- 
tion of the device at these or at any other condition 
above those indicated in the operational sections of 
this specification is not implied. (While programming, 
follow the programming specifications.) 


TEST 
CONDITIONS 


Vin = Voc Max 
Vip = 0.45V 


Vec = VecMin 
Vec = VecMax 


low =-2.0mA Vec = VecMin 
loL = +15mA, Vcec* VecMin 


Ves, = Vesy = 0.8V 


Vou: Vec = Vcc max 
Voz = +0.3V, Vee = Vee Max 


Ves, = Voss = 2.0V 
Vou: Vcc = Vcc Max 


Vec = Veco Max 
All Inputs Grounded 


lin = -10ma 


Vec=Vec Max, Vout = 0.0V 
One output only for a Max 
of 1 sec 


Veg and Ta Over Full Range 
Vec and Ta Over Full Range 


TEST 

CONDITIONS 
Vin =Vcc Max 
Vit = 0.45V 
Vec = Vcc Min 
Vec = Vcc Max 
lox 7 -2.0mA; Vcc =Vcc Min 
lot = +15mA; Vec =Vec Min 
Ves, = VCS» = 0.8V 
Von: Vec= Vec Max 
VoL= +0.3V, Voc = Veg Max 
Ves, = Ves, = 2.0V 
Vou. Vec= Vec Max 
Vec = Vec Max 
All Inputs Grounded 
lin = ~10ma 
Vec = Vec Max, Vout = 0.0V 
One output only for a Max of 1 sec 
Vec and Ta Over Full Range 


Vec and Tp Over Full Range 
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SWITCHING TIME DEFINITIONS A.C. TEST LOAD 


0.0V 


ta —— | | -ettppnenesneenee | ! 


. I ae oF 
OUTPUT 1.5V 0” OUTPUT sv Frsv 


\ 
tr, te < SNS 


*Includes jig & probe 
total capacitance 


PROGRAMMING 


The HM-7640/7641 is manufactured with all bits/outputs Logical “1’’ (Output High). Any desired bit/output can be pro- 
grammed to a Logical ‘0’ (Output Low) by following the simple procedure shown below. One may build his own programmer 
to satisfy the specifications described in Table 1, or buy any of the commercially available programmers which meet these spec- 
ifications. The HM-7640/7641 can be programmed automatically or by the manual procedure shown below. | 


PROGRAMMING SPECIFICATIONS SCHEMATIC DIAGRAMS 


TABLE 1 HM-7640 
RECOM- Yee @ 
MEND 
PARAMETER SYMBOL MIN. | VALUE MAX. UNITS 


Address Input V 
Y, FROM 10F ear. Ox 


Voltage (1) Vit 8 COLUMN © 
DECODE 


on 
oo 


as 


Programming/Verify 11.5 


Voltage to Vcc (2) VpL 


—_ 


PNM 
oo 
~~ 
e 


ek 
Fr 
Non 


V 


on 


> 
om 
© 
= 
Lu 
= 


Programming 
Voltage Current Iccp 
Limit 


mA 
TO OR-TIE 
OF 1T08 
COLUMN 
DECODE 


Programming (Vcc) 
Voltage Rise and 
Fall Time 


i hy eer an << eres, 


SELECTS PROGRAMMING CIRCUITRY 


Us OPEN COLLECTOR OUTPUT 


Programming 
Delay 


rr 
wn” wn 
i| 

i| 

| 
L 


Programming 
Pulse Width — 
First Attempts 


200 ve 


< 
ag Res 


HM-7641 


Programming 
Pulse Width — tp2 
Subsequent 


NO 
fom] 


| ms Vcc O 


Programming 
Duty Cycle 


S 


% 


Output Voltage V 
Enable OPE 


Disable (3) Vopp 


@ 
YY) , 8 COLUMN © 
r. “7 


Output Voltage 


ba a 
(an Qo > 


i 
mA 
Enable Current Limit : | 
Case Temp Te EC i | 
To or-TiE | 
OF 1TO8 

1. Address and chip select should not be left open for V),4. i COLUMN | 
2. Verification at Voc = 4.0 t .25 Volts, Ta = 25°C is avi =. f BECODE: <I 
recommended to guardband performance over full tem- SELECTS | — — 
perature and voltage range. LS a ie a 

3. Disable condition will be met with output open circuit. Taher Shee Out a alee lad 
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PROGRAMMING PROCEDURE 


. Address the PROM with the binary address of the 


selected word to be programmed Address inputs are 


TTL compatible. An open circuit should not be used to 
address the PROM. 

. Disable the chip by applying input highs (Vjpyj) to both 
CS; and CS chip select inputs. The chip select inputs are 


TTL compatible. Anopen circuit should not be used to 
disable the chip. 

Disable the programming circuitry by applying an Out- 
put Voltage Disable of less than Vopp to the output of 
the PROM. The output may be left open circuit to 


achieve the disable. 
Raise Vcc to Vpy with rise time equal to t,. 


5. After a delay equal to or greater than ty, apply a pulse 


RECOMMENDED PROGRAMMING CIRCUIT 


with amplitude equal to Vgpe and duration of thy to 
the output selected for programming. Note that the 
PROM is supplied with fuses intact generating an output 
high. Programming a fuse will cause the output to go 


low in the verify mode.. 
Other bits in the same word may be programmed while 


the Vcc input is raised to Vpy by applying output 


enable pulses to each output which is to be programmed. 
The output enable pulses must be separated by a min- 
imum interval of ty. 

Lower Ver to 4.0 +.25 Volts following a delay to ty from 
the last programming enable pulse applied to an output. 


. Enable the PROM for verification by applying a logic 


“Q" (Vj,) to the CS, and CS» inputs. 
lf any bit does not verify as programmed, repeat steps 
2 through 8 using an output pulse enable width of to1 


for up to 15 additional pulses to enhance programming 


speed. If the bit is still unprogrammed, follow with at 
least 16 repetitive pulses of to2 in width, to achieve 
high programming yield. In the event that the bit is still 
unprogrammed, the part is considered a programming 
reject and should be returned to the factory. The ad- 
dress and incorrect and desired contents of a location in 
which a programming failure has occured in any returned 
device must be included with that return. 

Repeat steps 1 thru 9 for all other bits to be programmed 
in the PROM. 


The circuit and timing diagram shown in Figures 1 and 2 will establish the proper programming condition for the 
output enable pulse. This allows the use of standard TTL parts for all logic inputs to the PROM. Note the gate which 
senses the output must be input protected to withstand input up to 12.5 Volts during programming. 


Vp 


DATA-8 


DATA-2 


en 


HIGH 
VOLTAGE/CURRENT 
TTL GATE 
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CS3 and CS, = Vv; H 
a 0; 
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FIGURE 1 


CS; and CS» lip 
Vey  eeeetieetieetl tienda ied te = aol fe >0 
3 90% NU 
Vcc Ws T 
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FIGURE 2 
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MEMORY 


vb ~ 3N 


NO. OF 
BITS 


1024 


2048 


MEMORY 


HARRIS BIPOLAR PROM CROSS-REFERENCE 


ORGANIZATION AND c 
NO. OF OUTPUTS | wannis | amo | FAIRCHILD | INTEL INTERSIL } wai |ioroROLA NATIONAL | SIGNETICS 


HPROM-8256-2 - IM5600M | MM5330 $8223 54188A 
32X8 HPROM-8256-5 | IM6500C | MM6330 N8223 74188A 
OPEN 

COLLECTOR *HM7602-2 | DM7577 $82S23 545188 - 

*HM7602-5 AM27S08 : b# DM8577 N82S23 74S 188 


——-32X8 *HM7603-2 IM5610M DM7578 828123 | 54$288 
64X8 HPROM-0512-2 MCM5303A ; 54186 
Forencouecron| wowow-oses | | | ||| stn) || ne 
64X8 MCM5304 
a a ee ae 


HPROM-1024A-2 93416DM imMs603M | MM5300 | DM7573 $828126 | 548387 
256X4 HPROM-1024A-5 93416DC im5603C | MM6300 | MCM5005L | 0M8573 N82S126] 745387 
OPEN | 
COLLECTOR HM7610-2 | 

HM7610-5 | | 

HPROM-1024-2 93426DM IM5623M | MM5301 DM7574 $82S129 | 54287 
256X4 934261DC MM6301 DM8574 N82S129| 74$287 
3-STATE 

HM7611-2 

HM7611-5 | | 


HPROM-1024-5 IM5623C 
| 512X4 HM7602-2 IM5604M | MM5305 548370 
OPEN COLLECTOR HM7620-5 IM5604C | MM6305 748370 
512X4 HM7621-2 3602 IM5624M | MM5306 - 828130 | 548270 
3-STATE HM7621-5 3622 IM5624C =| MM6306 825131 748270 


NOTE: Compatibile pin-for-pin in read mode, but require different 
programming conditions for entering data into the memory. 


SEMICONDUCTOR 
OR ee Perm yee HH p R 0 Vi ™ 0) b i 2 


512-Bit, Bipolar PROM™ 


FEATURES 


FIELD PROGRAMMABLE SINGLE 5 VOLT POWER SUPPLY 
64 WORDS/8 BITS PER WORD @ STATIC OUTPUT WITH FANOUT OF 10 
FULLY DECODED AVAILABLE IN EITHER MILITARY OR COMMERCIAL 


DTL/TTL COMPATIBLE TEMPERATURE RANGE 
55 NS ACCESS TIME EXPANDABLE — “WIRED-OR” OUTPUTS 
“AND” ENABLE INPUTS 


—a——————._ § 09 -——_—- 


CODE 1J Eel 


24 LEAD 
CERAMIC 


D.I.P. a) |. +004 aa \ag 


—= 220 MAX. 


TO WORD 
SELECT 
MATRIX 


ADDRESS WORD 
SELECT 
MATRIX 


MEMORY 
ELEMENTS 
& INPUT 
DECODING CIRCUIT 
MATRIX 


INDEX NOTCH 
| —=— 050 TYP. 


*MEMORY 


Enea ELEMENTS 


Vv G is OUTPUT 
= BUFFER 


Note: For operational condition, return pins 11, 
AD ad 29 90 pesem ground: *IC - INTERNAL CONNECTION MUST *OPEN CIRCUIT FOR 
BE LEFT OPEN LOGICAL "1" OUTPUT 


ALL DIMENSIONS ARE IN INCHES. 


ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


FIELD PROGRAMMING 


INPUTS OUTPUTS 


(1) 
0 xX x x Xx xX xX 1 1 1 1 1 1 1 1 


The HPROM-0512 is the first read-only memory which can be programmed electronically 
after manufacture and packaging. Most semiconductor read-only memories are programmed 
during manufacturing by designing the final metallization to correspond to the desired 
memory configuration. This process requires a different mask for each unique design and 
once the device is packaged, no further changes can be made. In contrast, the technique 
for programming the HPROM-0512(see page 5) is straightforward and can be implemented 
at the user's facility with little difficulty. 


Referring to the block diagram above, the status of any bit is determined ky the condition 
of the 512 “Memory Elements” which connect the input word lines to each of eight (8) 
output bit buffers. In an unprogrammed memory, all “Memory Elements” are short circuits 
so that logical “zeros” appear at each output bit position for any address input. “Electronic 
Programming” involves the alteration of specific “Memory Elements’ to create logical 
“ones” in selected bit positions. This alteration is irreverisible and cannot be accomplished 
under normal operating conditions — thus, theHPROM-0512is a true permanent memory 
when inserted in a system. 


wore: (Ne=E,-€, (2) x=“Don't Care” 


“PROM is a trademark of Harris Semiconductor for its family of field programmable read-only memories. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vcc 7.0V Storage Temperature —65°C to +150°C 


Address/Enable Input Voltage, Va,Ve -1.5V to +5.5V Operating Temperature (Case) -—55°C to +125°C 
Output Supply Voltage, Vas -0.5V to +7.0V Ojc = 15°C/W 

Output Sink Current, Io, -30mA 6 jn = 50°C/W 

Input Current -30mA 


ELECTRICAL CHARACTERISTICS 
Test Conditions: Vcc = 5.0 + 5%, Gq = G2 = G2’ = Ground 
TCASE = —55°C to +125°C for HPROM-0512-2 


0°C to +75°C for HPROM-0512-5 
unless otherwise specified. 


PARAMETER [ums UNITS TEST CONDITION 
jo ES TYP 


Enable Current 


Address Current 


MEMORY 


as 


Input Threshold Voltage ‘1) 
“9” 


Output “O” Voltage 


Output “1” Leakage Current 


(Quiescent) Vec = 5.25V; Ve = Va = OV 


Power Supply Current (3) 


(Operating) Voc = 5.25V; f= 4MB/s '2) 


NOTES: (1) Threshold voltages are defined as the limits on the input levels which (3) Output terminals left open 
ensure that the desired input state is achieved. ae —see Test Circuit 1. 


(2) A typical device is one programmed to output 50% “ones”. i (4) See Test Circuit 2. 
100% Tested For DASH 8 
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TEST CIRCUITS 


TEST POINT TEST POINT 


MOD 64 SYNCH. 
TTL COUNTER 


« i 


@ EACH 
OUTPUT 
pe 1 COMPARED 
ai | ‘ 
- j U 
PULSE GEN. 
EH 122 OR EH 122 OR 
EQUIV. EQUIV. 0 
Figure 1. Figure 2. 
OPERATING POWER SUPPLY CURRENT PROPAGATION DELAYS 


NOTE: Applies only to programmed units. 


SWITCHING TIME DEFINITIONS 


(2) All measurements referenced to +1.5V level. 


(3) Address rise and fall times <10ns. | 
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CHARACTERISTIC CURVES 


OUTPUT CHARACTERISTICS OUTPUT CURRENT VS. TEMPERATURE 


OUTPUT CURRENT (mA) 
OUTPUT CURRENT (mA) 


0.1 0.2 0.3 0.4 0.5 0.6 


OUTPUT VOLTAGE (VOLTS) CASE TEMPERATURE (°C) 
POWER SUPPLY CURRENT VS. POWER SUPPLY CURRENT VS. 
TEMPERATURE DATA RATE | 
_, 10 : _ 100 
3 <r] fT [TP 
E cc = 5. E 
5 ana : _——— s 5 cee, aie 
Lhd LJ 
= = Vcc = 5.0V 
50 
a 7 To=25°C 
o a 
= a 
a: = 25 
uJ Lil 
S S 
oS 0 5 70 125 Coor 0 1 1 
TEMPERATURE (°C) DATA RATE (MB/S) 
OUTPUT LEAKAGE CURRENT VS. PROPAGATION DELAY VS. 
TEMPERATURE TEMPERATURE 


PROPAGATION DELAY (ns) 


OUTPUT LEAKAGE CURRENT ( 4A) 


ee eae 

ae 

ek ee 

ar ie 

pn 
0 


TEMPERATURE (°C) | TEMPERATURE (°C) 


TEST CONDITIONS: Vcc = 5.0V UNLESS OTHERWISE SPECIFIED. 


PROGRAMMING 


PROGRAMMING SPECIFICATIONS 


PARAMETER RECOMMENDED 
V 


Address Input Voltage ay" (1) Open Circuit 
“o" -5.0V 
-3.0mA 


5.0V +5%-0% 
@lcg < 250mA 


Progen creo to | Te | Wn 


(1) An open collector TTL gate meets this specification. 


AH 


CURRENT 
O GENERATOR 


Address Input low Current 


Power Supply Voltage 


NOTE: G, = OPEN 


-5.0V - Figure 1 
PROGRAMMING CONNECTIONS 


200 < PW < 800ms 
(2) G4 must be connected to -5.0V prior to applying 


Vec or programming voltage. 


—15.0V 


Figure 2 
PROGRAMMING CIRCUIT 


AYOWSIW 


PROGRAMMING 


Programming the HPROM-0512 is a simple operation which can be accomplished with a minimum of equipment. A nega- 
tive going voltage pulse is applied to each output terminal where the initial logic ‘’zero” is to be changed to a logic ‘‘one.” 
The power supply and ground connections described below ensure that alteration of a specific logic element will not occure 
under normal operating conditions. 


The following is the recommended procedure for reliably programming the HPROM-0512. 


1. Connect the HPROM-0512 as shown in Figure 1. To address a particular word in memory, set the input switches 
to the binary equivalent of that word, where a logic “zero” is -5.0V and a logic “‘one’’ is an open circuit. (Do not 
return to supply.) All output bits (Bg By... .B7) of this word are now available for programming. 


2. With the output of the current generator limited to 100mA, apply a negative going pulse to the pin associated 
with the first bit to be changed from a “zero” to a “one”. This is most easily accomplished by connecting the 
negative terminal of a variable power supply to the proper output pin and manually increasing the voltage to 

approximately 6.0V. 


(The circuit shown in Figure 2 can be used in more automated programming systems. This circuit generates a 
fusing pulse which is at the proper voltage and current levels for fast, reliable programming. Most devices will pro- 
gram with input pulse widths (PW) as low as 200ms.) 


Verify the bit programed by returning the device to the read mode and connecting a load resistor to +5V. 


3. Skipping any bit which is to remain a ‘’zero,” repeat Step 2 for each ‘‘one” in the word being addressed. (For 
maximum reliability, program only one bit at a time.) 


4. Set the next input address and repeat Steps 2 and 3. This procedure repeated for each input address for which a 
specific output word pattern is desired. Note that all addresses do not have to be programmed at the same time, 
nor do all output bits for a given address. A “zero” can always be changed to a ‘one’ simply by repeating Steps! 
and 2. A “zero” once programmed to ‘one’ cannot be reprogrammed to “zero.” 


The procedure given above is intended merely to convey the mechanics of programming the HPROM-0512. Obviously, 
more sophisticated electronic methods can be devised to automate the process and minimize the time required for pro- 
gramming. Such a system is used by Harris to custom-program ROM’s for customers whose memory configurations are 
already established and also for certain standard patterns. This particular system operates with punched card inputs 
which convey the programming information and also provide the test conditions for each programmed ROM. 
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APPLICATION INFORMATION 


POWER STROBE 


Since the HPROM-0512is a permanent memory, Vcc may be removed from the chip during periods when the memory is not being 
accessed thus reducing the average power consumption. A circuit which performs this function is shown in Figure 1. Using the com- 
ponents shown, the propagation delay from the power strobe to the first output word (t,j) becomes ~140ns. Figure 2 shows the 
variation in to7 as a function of temperature. 


TIMING DIAGRAM 


ts} VARIATION WITH TEMPERATURE 


POWER STROBE 
No! ADDRESS OUTPUT 


POWER STROBE OUTPUT DELAY ins) 


Figure 2. 
Figure 7 TEMPERATURE 
CIRCUIT VARIATIONS 


iE 1 EQ EyA5 A1AQ EQ EyA5 AyAQ 
Wo - _ ila W128 — me 
BoB) Bo By Bo By 
EQE,A5 AyAQ ‘a AyAg 
wo - sh W64 - we wi28 - Oe 
laa Ea = 
eee 


So 
aa 
© 
= 
Lid 
= 


£2 E15 At AQ 
W192 — W255 
Bg By 


OUTPUT , 


The HPROM-0512 is easily expanded in both bit and word dimensions. Expanding in the word dimension is accomplished by using the 
E; and E? Enable Inputs as further decoding elements for the input address and wiring together (WIRE-OR) two or more output pins 
from corresponding bits of different words. The “WIRE-OR” connection results in increased capacitance and leakage at the output 
node as each additional package is connected. Expansion in the bit dimension is accomplished by paralleling corresponding address 
pins on two or more units. The Block Diagram above depicts a 256 word by 16-bit system. 
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KS. HPROM-1024/1024A 


| 1024-Bit Field Programmable 
Bipolar PROM™ 


S FEATURES BLOCK DIAGRAM : 


@ FIELD PROGRAMMABLE 
@ 256/4 BITS PER WORD 

@ FULLY DECODED 

@ DTL/TTL COMPATIBLE 
@ 50ns ACCESS TIME 


32 x 32 BIT 
MEMORY ARRAY 


@ PROVEN RELIABLE NICHROME FUSES 
@ LOW INPUT CURRENT <0.25mA 
@ SINGLE 5.0V POWER SUPPLY 


@ EXPANDABLE — “WIRED-OR” OUTPUTS 
WITH CHIP SELECT INPUT 


@ AVAILABLE IN MILITARY AND COMMERCIAL 
TEMPERATURE RANGES 


A? (7) © 


CS, (13) 
CSy (140 


Vec (16) 
GND (8) 


OC 
0, (12) 03(10) 04 (9) 


DESCRIPTION PACKAGE | 


The HPROM- 1024 (3-State) and the HPROM-1024A (Open Collector) are CODE 1D 16 LEAD CERAMIC D.I.P. 

fully decoded, high speed, 1024-bit, field programmable ROM’s organized 

as 256 words by 4 bits per word. Field programmable implies that, by 

following a simple programming procedure, users are able to program the INDEX ALL DIMENSIONS ARE IN INCHES. 


PROM to any custom pattern to satisfy their system requirements. | NOTCH ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


MEMORY 


The HPROM-1024 and the HPROM-1024A are identical except for the 
Output stage. The HPROM-1024A has an Open Collector output while the 


HPROM-1024 has a third high impedance state output, allowing the device 
to work ina “Wire — OR" configuration. The third state is activated by 


disabling the device (CS, or CS High). 


The HPROM-1024/1024A are supplied with all bits storing a Logical ‘1’ 
(Output High) and can be selectively programmed for a Logical ‘‘O” (Out- 
put Low). The addressing scheme for programming and reading the in- 
formation in the system is the same. 


INPUT/OUTPUT SCHEMATICS 


5K 


r es | 
INPUT i. ( 
ADDRESS ie ! ij 
INVERTER se AG. ' ' 
| ee. i To | O OUTPUT 
i OUTPUT 0; -<--—- 
INPUT ( OF ) eer ' 
! i 
Aj S DATA 10F 8 l 
FROM ENABLE t == SELECT § (ee ata! 
oe i i SELECT 
a 1] "FROM ENABLE ner 
L GATE SELECT | 
OUTPUT CIRCUIT OUTPUT CIRCUI, : 
HPROM-1024A HPROM-1024 ft 7 
= OPEN COLLECTOR THREE-STATE Bi hl oat geeky ces = 


> 
oc 
rs) 
= 
uu 
i 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: 


Output or Supply Voltage Note: 

Address/Enable Input Voltage Stresses above those listed under the “Absolute Maximum 
Address/Enable Input Current Rating’’ may cause permanent damage to the device. This is 
Output Sink Current a stress only rating and functional operation of the device at 
Storage Temperature these or at any other condition above those indicated in the 
Operating Temperature (Case) operational sections of this specification is not implied. 


Maximum Junction Temperature (While programming, follow the programming specifications.) 
Ojc= 25° C/W (Cerdip). 8; 4=80°C/W (Cerdip) 


ELECTRICAL CHARACTERISTICS (Operating Mode) 
TEST CONDITION: = Vop =5.0+ 5%, Ta =-55°C to + 125°C (HPROM-1024-2, HPROM-1024A-2) 


Voc = 5.0+ 5%, Ty = O°C to +75°C (HPROM-1024-5, HPROM-1024A-5) unless otherwise specified. 
HPROM-1024 HPROM-1024A TEST 
PARAMETER SYMBOL | MIN. | TYP. | MAX. | MIN. [| TYP. | MAX. | UNITS CONDITIONS \ 
Address/Chip Select“1" | Ira, IRE *40 *40 HA | Vin = Vcc Max. 
Input Current “O" | lea, IEE *_0.25 "0.25 mA Vip = 0.45V 
Input Clamp V Vec = Vec Min. 
Clam -0.7 -0.7 U 
iret | Youn | poo] IClamp = ~10mA 
input Threshold “1” Vin 2.0 2.0 V 
Voltage “o" VIL V 
D.C. “iT Von *2.4 N.A. V 
eager “ye NA. | *0.45 | V_ | IoL=15mA 
Von = 2.4V, 
Output Disabled Current LA Veq/Veg = 2.0V 
Power Supply Current Icc * 130 All Inputs Grounded. 
Veco = Vec Max. 
* *% 
tA+ 70 70 
Address to Output * * a REG 
A.C. pee te te. = [8 : ei ae 
* * _ 
Enable Access Time ‘E- ae » a0 2 sa Vcc = 9.0V 


*100% Tested For DASH 8 


CAPACITANCE (1): T, = 25°C 


TEST 
CONDITION 


Vec = 5V Vin = 2.0V 
Vec=5V Vin = 2.0V 


Voc =5V Voyt = 2.0V 


PARAMETER 


Add. Input Cap. 


Cts; fo | a 


NOTE (1): These parameters are only periodically sampled and are not 100% tested. 


B SWITCHING TIME DEFINITIONS | A.C. TEST LOADS 


Chip Select Input Cap. Tp = 25°C 


Output Cap. 


5.0V 

| | 

ink ae 300 $2 
tar! | = | ta - te. —- a — aastorre 30pf 


| | | 
OUTPUT 15v | | 4.5V “0” OUTPUT eeu | | | 60092 
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TYPICAL A.C. CHARACTERISTICS 


ADDRESS TO OUTPUT DELAY ADDRESS TO OUTPUT DELAY 
VS. SUPPLY VOLTAGE VS. CASE TEMPERATURE 


Ta = 25°C 
C, = 30pf 


D.C.LOAD = 15mA 


Cy = 30pf 
0.C. LOAD = 15mA 


Address to Output Delay (ns) 
Address to Output Delay (ns) 


4.5V 5.0V 5.5V 
Veg (Volts) Case Temperature (°C) 
z 
CHIP SELECT TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY S 
VS. SUPPLY VOLTAGE VS. CASE TEMPERATURE = 
= 


TA = 25°C 
Cy = 30pf 
D.C. LOAD =15mA 


Vec = §.0V 
C, = 30p f 
D.C. LOAD = 15mA 


Chip Select to Output Delay (ns) 
Chip Select to Output Delay (ns) 


-§5°C 0°C 25°C 75°C 125°C 


Vec(Volts) Case Temperature (°C) 
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PROGRAMMING 


The HPROM-1024/1024A is manufactured with all bits/outputs Logical “’1’’ (Output High). Any desired bit/out- 
put can be programmed to a Logical “0’’ (Output Low) by following the simple procedure shown below. One may 
build his own programmer to satisfy the specifications described in Table 1, or buy any of the commercially avail- 


able programmers which meet these specifications. The HPROM-1024/1024A can be programmed automatically 
or by the manual procedure shown below. | 


| PROGRAMMING SPECIFICATIONS 


RECOMMENDED 
PARAMETER SYMBOL] MIN. VALUE MAX. | UNITS. NOTES 


Chip Select Vitor 
Programming Voltage " * 
Ceres) ee aff > fol scared 
Programming Current <j a 125mA is the typical pro- 
Limit CS, (Pin 13) CS1 gramming current requirement. 
Programming T t = 200 SEC +20% 
Pulse Width PW ms NSE 7 


Output Select Voltage 


Output Select 2mA is the typical 
Current limit current requirement. 


Power Supply Voltage 


*20% duty cycle with 
Tpa= 25°C 


Case Temperature Tc -25 25 75* od 6 


> 
oc 
oO 
— 
Uw 
= 


wORD 
SELECTION 


LOW $0.4V hk 
HIGH > 2.4V 5Q 


The HPROM-1024/1024A may be programmed using the 
method shown in the figure on the left. 


PROGRAMMING 
PULSE GEN 
Vp = 25V I, = 200mA 


O CS, (+5.0V) 


(1) Select the word to be programmed by applying the appropriate voltages to the address pins Ag through 
Az. 

(2) Apply 11.0 volts to the output associated with the bit to be programmed. The other outputs may be 
left Open or connected to any normal circuity which does not apply more than 5 volts to these outputs. 
Only one output is programmed at a time. 


(3) Apply the 25 volt programming pulse to the Input Pin CS;(Pin 13). The recommended programming 
pulse width is 10ms. However, programming speed may be enhanced by making initial attempts at 1msec. 
Bits which do not program with these pulse widths may be programmed either by repeating with 10ms 
pulses or by increasing the programming pulse width to 100ms. The multiple application of the program- 
ming pulse or the increased pulse width in no way affects the reliablity of the device. The case temper- 
ature of the device being programmed, however, must not exceed 75°C. The 20% duty cycle (at Ta = 
25°C) generally maintains aT case of 75°C. Bits which do not program when subjected to multiple pulses 
totaling 500 msec may be returned for replacement. Returned units should be accompanied with word 

and bit location of fuse which did not program. 


(4) To verify that the output has been programmed following each application of the programming pulse, 
being Pin 13 and Pin 14 to 0.4 volts or less. Ve¢ should be reduced to 4.0 + .2 volts to guardband full 
temperature and volume range operations. 7 


(5) The above procedure is repeated to program other bits on the chip. 
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FARRIS 
Benes HPROM-8256 


256-Bit, Bipolar PROM 


FEATURES | | 


FIELD PROGRAMMABLE PROVEN RELIABLE NICHROME FUSES 

32 WORDS/8BITS PER WORD SINGLE 5V POWER SUPPLY 

FULLY DECODED STATIC OUTPUT WITH FANOUT OF 10 

DTL/TTL COMPATIBLE AVAILABLE IN MILITARY AND COMMERCIAL TEMPERATURE RANGES 
40NS ACCESS TIME EXPANDABLE — “ WIRED-OR” OUTPUTS — CHIP ENABLE INPUT 


TRUTH TABLE 


The HPROM-8256 is another in a series of field program- 
mable read-only memories from Harris Semiconductor. 
Field programming implies that the device (packaged with 
logical ‘’0’s’’ in all 256 memory locations) can be programmed 
electronically by the user to any specific pattern using the 
simple procedure shown on page 4. 


1 X 
0 0 * 
0 0 
0 0 


Referring to the circuit diagram below, the status of any bit > 
is determined by the condition of the “memory element” in S 
that bit location. For a logical “0” output, the memory 7 
element is in the conducting state and the output transistor = 
is turned “on”. Programming, then, involves opening 
selected memory elements to prevent current flow to the 0.1 
output transistor, creating a logical ‘’1” in each programmed 
bit location. NOTE: X=DON'T CARE 
CIRCUIT DIAGRAM PACKAGE 
GND V 
a ig | - OUTPUT BUFFER CODE 1D .- 16LEAD CERAMIC D.I.P. 
aa aang ee MEMORY ELEMENTS = 1 
re ap voces dd PRs 80 
ai HH | Pl pe 
: a 
ot St ton 
Ae NG —>- "82 guTPUTS 
: saree car, 
ae 
INPUTS Se ee 
7 
ADDRESS BUFFER/INVERTER > 9 = 
O O 7 
4K 


= ia 
.100 .018 + .003 


ALL DIMENSIONS ARE IN INCHES. 


CEAME CUnCUH ALL DIMENSIONS + .010 UNLESS 
: OTHERWISE SHOWN. 


*PROM is a trademark of Harris Semiconductor for its family of field programmable read-only memories. 
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SPECIFICATIONS _ 
ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Operating), Vcc 7.0V 
Addiess/Enable Input Voltage, Va, VE —1.5V to +5.5V 
Output Supply Voltage (Operating), Ves —1.5V to +7.0V 
Output Sink Current, IOL —30mA 

Input Current —30mA 

Storage Temperature —§5°C to +150°C 
Operating Temperature —§5°C to +125°C 


| ELECTRICAL CHARACTERISTICS 


TEST CONDITION 
ONDITIONS  HPROM-8256-2 (Vop=+5.0V 410%, Ta= -55°C to +126°C) 


HPROM-8256-5 (Vcc=+5.0V+ 5%, Ta= 0°C to +75°C) 


HPROM-8256-2 HPROM-8256-5 
PARAMETER SYM -559C to +1259C 0°C to +759C UNITS | TEST CONDITIONS 


LA Vin =4.5V 
mA [Vin = 0.4V 


a ie IRE 
ENABLE Current “gr IEE 


g 
_ un IRA LA Vin = 4.5V 
Address Current “gr lea i mA VIN = 0.4V 


> seaee 
oc : 1 VIH V 
= put Threshold Voltage “oO” VL V 
LL 
a Output “0” Voltage VOL 
Output “1” Leakage lOH | 200 | A | VOH = 5.25V 


Input Clamp Voltage Ve pf | Bev 
Power Supply (Quiescent) | *80 

Current (Operating) ‘CC *100 

Address/Enable to | 40 R1 = 4702, R2= 1K2, 
Output Fall Delay | CL = 30pF 


Address/Enable to T = 25°C 
Output Rise Delay 0 sie Vcc = 5.0V 


Ve = Vin, Outputs open 
Ve = Viz, Outputs open 


~=> 
I 


Ss 
40 


*4 00% Tested For DASH 8 


SWITCHING TIME DEFINITIONS 


+5 


Ry 
1. All measurements 
referenced to +1.5V. 


2. Address rise and 
fall times < 10ns. 
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PROGRAMMING 


9o+15V (RETURN TO +5V TO VERIFY) 


Y  -0.5V 


See Procedure No. 4 below. 


Br} | | fy 


C jc jc |e jC jC |C |C + C=1500pF 


| nceaaad 


FIGURE 1 


REQUIREMENTS 


RECOMMENDED LIMITS 


VALUE | _MIN. | MAX. [UNITS NOTES 
Enable/Address Input Low Current -6.0 mA Vin = 0.4V 
low | GND 0.4 V 


Enable/Address Input Voltage ~ 
high OPEN V 


> 
oO 
mp) 
= 
uw 
= 


Programming Voltage (Voc,) 11 11.5 V ILimit = 250mA 


*All devices should program 
with tp < 800ms. 


Programming Pulse Width (tp) 20 ms 


Programming Output Voltage ~0.5 . : V 


Non—Programming Output Current 4.0 Output voltage nominally 8.3V. 


TCASE 
Duty Cycle (Tp = 25°C) 


PROCEDURE 


1. Connect the PROM as shown in figure 1. | 5. Verify the bit programmed by lowering the +15V to 
2. Address the desired word by applying an open circuit +4.5V and then enabling the device. 
for Logic “1"’ and ground for Logic “0”. (High voltage 6. In the event the device does not verify , repeat steps 


open collector TTL inputs may also be used.) 


. Select first output bit to be programmed by taking 


that output to a negative 0.5V. 


. Disable device (E72.5V). (Nonprogramming outputs 


will rise to approximately 8.3V) Raise supply to +11V 
and enable device (ES 0.4V) to program the selected 
memory element. (Enable signal must not be applied 
prior to raising Voc to +11V.) Device should be 
enabled for tp milliseconds. For fastest programming 
results the first attempts should be one millisecond 
with subsequent attempts greater than 10 milliseconds 
to maximize programmability. 


2 — 5. Bits which do not program with a total of 
800 msec of programming time are considered un- 
programmable and may be returned for replacement. 
Devices returned must contain word and bit numbers 
of bits which did not program. 


. Repeat steps 3 through 6 to complete programming 


the remaining bits in the selected word. 


. Repeat steps 2 through 7 to complete programming 


the remaing words in the device. 


Me-57 


S CHARACTERISTIC CURVES 


POWER SUPPLY CURRENT ADDRESS TO OUTPUT ) ENABLE TO OUTPUT 
vs TEMPERATURE PROPAGATION DELAY vs PROPAGATION DELAY vs 
TEMPERATURE TEMPERATURE 


| | | 
: near Ree 3 
; aie |e 
INPUT THRESHOLD INPUT CURRENT 
vs TEMPERATURE vs INPUT VOLTAGE 


EXPANDABILITY 


) 
> 
on 
mm) 
= 
Lid 
= 


—" imei 
ie came GG 


E is Ag “Gils — Aa Ag 
E ae Ay Ag EA 
W3; 
Bo 


output 387 


B 
‘ jf ttt 


B15" a ie 
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DASH 8 


Da- 1 


Da-2 


SEMICONDUCTOR D A S H 8 


MIL-STD-883 


OFF-THE-SHELF DELIVERY 


MIL-STD-883/MIL-M-38510 Reliability Assurance Program 


INTRODUCTION 


STATEMENT OF SCOPE 


This section establishes the detail requirements for Harris’ Circuits screened 
and tested under the DASH 8 Program. 


The Harris DASH 8 Devices pass the screening requirements of the latest issue of 


MIL-STD-883, Method 5004, Class B, and the requirements as specified in this 
document. 


APPLICABLE DOCUMENTS 
The following documents form a part of this section to the extent referenced herein: 


MIL-M-38510 “Microcircuit Quality and Reliability 
Assurance, General Specification for.” 


MIL-O-9858A “Quality Program Requirements” 


MIL-STD-883 ‘‘Test Methods and Procedures for 
Microelectronics’ 


NASA Publication 200-3 “Inspection System Provisions”’ 


Harris maintains a product assurance program (PAP) using MIL-M-38510 as a 
guide. Harris Product Assurance Program assures compliance with the requirements 
and quality standards of control drawings and the requirements of this specification. 


Systems and procedures used are in accordance with NASA Publication 200-3, 
MIL-Q-9858A and MIL-M-38510. 


The DASH 8 Program will also be found useful by those Harris customers who 
must generate their own procurement specifications. Use of the enclosed Harris 
Standard Test Tables, Test Parameters, and Burn-In Circuits will aid in reducing 
specification negotiation time. CMOS is also avalable in DASH 8, for further in- 
formation on CMOS DASH 8 see our CMOS Catalog or contact your local sales 
representative. 
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HARRIS SEMICONDUCTOR DASH 8 FLOW 


NOTE: LOT DEFINITION: 


TRACEABILITY: 


BRANDING: 
AGED PRODUCT: 


ADDITIONAL 


REQUIREMENTS: 
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MIL-STD-883, METHOD 5004, CLASS B, 
100% SCREENING PRODEDURE 


SCREEN 


Internal Visual (Precap) 


Stabilization Bake 


Temperature Cycling 


Constant Acceleration 


Seal, Fine Leak 


Seal, Gross Leak 


Initial Electrical 


Burn-In 


Final Electrical 
9.1D.C. Tests at 25°C 
Maximum and minimum 
operating temperatures 
9.2 A.C. Tests at 25°C 


External Visual 


Lot Acceptance 


METHOD 


2010 Condition B 


1008, Condition C, 
24 Hours minimum 


1010, Condition C 


2001, Condition G 
Y 1 Plane, 30K G’s minimum 


1014, Condition (As applicable) 


1014, 
Omit Step 1, No vacuum 
Preconditioning Step 2 


Harris Specifications 


Method 1015, 168 hours @ 125°C 
(Burn-In Circuits Enclosed. 


See page Da-8.) 


Per appropriate Harris DASH 8 
Data Sheet only those items 
identified by ~ are tested 100%. 


Method 2009 


Group A, Table 1, Subgroup 1,2,3 & 4 


Production Lot and Inspection Lot shall be as defined in MIL-M-38510. 


All devices are assigned date code identification that provides traceability back to the 
inspection lot. 
All devices are branded with the HX-XXX-8 and EIA data code. 


Product that has been held for more than twelve months will be rescreened prior to shipment. 


Attributes data will be supplied on Group A Lot Acceptance upon request. 


Generic data from Harris’ Reliability Add-On Program is available upon request; The objective 
of Harris Reliability Add-On Program is to provide a continuous life and environmental monitor 
for all product families in manufacturing. This program provides life test performance results 
to fulfill customer reliability data requirements and to verify package integrity. The Reliability 
Add-On Program is supplemental to customer funded Lot Qualification. 


For customers desiring Lot Qualification, Harris Semiconductor will perform the Group A, 
Group B and Group C test to MIL-STD-883, Method 5005 as defined herein for an additional 
charge. ; 


HARRIS RELIABILITY ADD-ON PROGRAM 


Generic data from Harris’ Reliability Add-On Program is available upon request; The objective of 
Harris Reliability Add-On Program is to provide a continuous life and environmental monitor for 
all product families in manufacturing. This program provides life test performance results to fulfill 
customer reliability data requirements and to verify package integrity. The Reliability Add-On 
Program is supplemental to customer funded Lot Qualification. 


The Harris Reliability Add-On Program is an on-going program that provides generic product and 
package testing data that can be equated to MIL-STD-883 Group B and Group C tests. The data 
derived from the Add-On Program forms the basis for the Harris Reliability Bulletins published 
under the cognizance of the Harris Reliability Manager. 


The Reliability Add-On Program section that is applicable to the DASH 8 program is listed below. 


PRODUCT TYPE SCHEDULE WITH SAMPLE SIZE STRESS CONDITIONS COMMENTS 


GENERIC STANDARD 


a) 1,000 hours sample of each 
generic type per quarter. 


b) Extend to 5,000 hours - 
1 sample per quarter. 


a) Ta = +125°C operating 
life 


b) Ta = +175°C storage 
life 


c) Extend to 10,000 hours - 
1 sample per half year. 


d) Sample size - 10 per stress 
medium for PROMs; 14/36 
per stress medium for linears. 


e) Variables data points at O, 
168, 500, 1000, 2000, 5000, 
and 10,000 hours. 


PACKAGE 
QUALIFICATION 


Reason: Verify 
continued 
package integrity. 


a) Reference Reliability 
Standard Operating 
Procedure (RSOP) 
-002 and -003 


a) One generic type per quarter 
per package type. 


b) Sample size - 50 good and 
50 reject devices per package 
type for package qual; 


SPECIAL TESTS 


Al step coverage 


SEM Analysis Reason: To verify 
aluminum coverage 


over oxide steps. 


a) One generic type, per month 
asa minimum 
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HARRIS DEVICE QUALIFICATION PROCEDURE 


-MIL-STD-883, METHOD 5005, GROUP B note 1) 


QUALITY 
CONFOR- QUALI- 
| MANCE FICATION 
TEST METHOD | CONDITION INSPECTION | INSPECTION 
(NOTE 2) 
| LTPD LTPD 
SUBGROUP 1 
Physical Dimensions 2016 15 10 


SUBGROUP 2 
(a) Resistance to solvents 3 devices 3 devices 
(no failures) (no failures) 
(b) Internal Visual and Failure criteria from design 1 device 1 device 
mechanical and construction require- (no failures) (no failures) 
ments of applicable pro- 
curement document 
(c) Bond strength (NOTE 3) 2011 Test condition C or D 
Ultrasonic or wedge (see 3.8) 


SUBGROUP 3 
Solderability (NOTE 4) Soldering temperature of 
260 $ 10°C. 


SUBGROUP 4 
Lead integrity Test condition B4 
Seal (NOTE 5) As applicable. 
(a) Fine 
(b) Gross 


NOTES: 1. Electrical reject devices from the same inspection lot may be used 
for all subgroups when end point measurements are not required. 
. Generic data from Harris Reliability Add-On Program available upon request. 
. Unless otherwise specified, at the manufacturers option, test samples 
for bond strength may be selected randomly immediately following internal 
visual (method 5004) prior to sealing. 
4. The LTPD applies to the number of leads inspected except in no case shall 
less than three devices be used to provide the number of leads required. 
5. Omit step 1 and vacuum preconditioning of step 2. 


WN 
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HARRIS DEVICE QUALIFICATION PROCEDURE 


MIL-STD-883, METHOD 5005, GROUP C 


QUALITY 

CONFOR- ate 
TEST METHOD ~ CONDITION Keren eae 

(NOTE 6) 


SUBGROUP 1. (NOTE 1) 
Thermal shock Test condition B as a 15 10 
minimum. 


Temperature cycling Test condition C. 
Moisture resistance 


Seal (NOTE 5) As applicable. 
(a) Fine 
(b) Gross 


Visual Examination (NOTE 2) 


End point elec. parameters As specified in the applicable 
procurement document. 


SUBGROUP 2 (NOTE 1) | 
Mechanical shock Test condition B 15 10 
Vibration, variable frequency Test condition A 
Constant acceleration Test condition E 
Seal (NOTE 5) As applicable. 
(a) Fine 
(b) Gross | 
Visual Examination (NOTE 3) 
| End point elec. parameters As specified in the appli 
cable procurement document. 
SUBGROUP 3 +50 
High temperature storage 150 55 °C storage, 7 5 
(NOTE 4) 1000 hours. 
End point elec. parameters As specified in the appli- : 
cable procurement document. 
SUBGROUP 4 
Operating life test (NOTE 4) Test condition to be 5 3 
specified in the applicable 
procurement document 
| (1000 hours). 
End point elec. parameters As specified in the appli- 
cable procurement document. 


NOTES: 1. Devices used for enviromental tests in subgroup 1 may be used for mechanical tests in subgroup 2. 

2. Visual examination shall be in accordance with method 1010 or 1011 at a magnification of 5X to 10X. 

3. Visual examination shall be performed at a magnification of 5X to 10X for evidence of defects or 
damage to case, leads, or seals resulting from testing ( not fixturing ). Such damage shall constitute a 
failure. 

4. See applicable life test circuit enclosed herejn. 

5. Omit step 1 and vacuum preconditioning of step 2. 

6. Generic data from Harris Reliability Add-On Program available upon request. 
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BURN-IN/LIFE TEST CIRCUIT INDEX 


LINEAR 


ANALOG MULTIPLEXERS AND SWITCHES 


MULTIPLEXERS 
Hi-506 
H!I-506A 
H1-507 
Hi-507A 
Hi-508A 
H!-509A 
HI-1818A 
HI-1828A 


SWITCHES 


H1i-200 
H|-201 
Hi-1800A 


CMOS 16 Channel Analog Multiplexer 
CMOS 16 Channel Analog Multiplexer 
Dual-8 CMOS Multiplexer 

Dual-8 CMOS Multiplexer 

8 Channel Analog Multiplexer 

Dual 4-Channel Analog Multiplexer 

8 Channel Multiplexer 

Dual 4-Channel Multiplexer 


Dual SPST Analog Switch 
Quad SPST Analog Switch 
DPDT-Low Leakage 4—Channel Analog Switch 


OPERATIONAL AMPLIFIERS 


F.E.T. INPUT 


HA-2000 
HA-2050 
HA-2050A 
HA-2060 
HA-2060A 


HIGH SLEW RATE 


HA-2500 
HA-2502 
HA-2510 
HA-2512 
HA-2520 
HA-2522 
HA-2530 


F, E. T. Input Preamplifier 

High Slew Rate F. E. T. Input Operational Amplifier 
High Slew Rate F. E. T. input Operational Amplifier 
Wide Band F. E. T. Input Operational Amplifier 
Wide Band F. E. T. Input Operational Amplifier 


High Slew Rate Operational Amplifier 
High Slew Rate Operational Amplifier 
High Slew Rate Operational Amplifier 
High Slew Rate Operational Amplifier 
High Slew Rate Operational Amplifier 
High Slew Rate Operational Amplifier 
Wide Band High Slew Inverting Amplifiers 


LOW NOISE WIDE BAND 


HA-309 Low Noise, Operational Amplifier 
LOW POWER 
HA--2700 Low Power, High Performance Operational Amplifiers 
HA-2720 Low Power, Current Programmable Operational Amplifiers 
HA-2730 Low Power, Dual, Current Programmable Operational Amplifiers 


PRECISION HIGH ZIN WIDE BAND 


HA-2600 High Impedance Operational Amplifiers 

HA-2602 High Impedance Operational Amplifiers 

HA--2620 Wide Band, High Impedance Operational Amplifiers 

HA-2622 Wide Band, High Impedance Operational Amplifiers 

HA-2650 Dual High Performance Operational Amplifiers 
SPECIAL FUNCTION 

HA-2400 PRAM Four Channel Operational Amplifiers 

HA-2420 Sample and Hold, Gated Operational Amplifiers 

HA-2630 High Performance Current Booster 


ULTRA HIGH PRECISION 


bO HA-2900 Chopper Stabilized Operational Amplifiers 
7 PHASE LOCKED LOOP 

i HA-2820 Phase Locked Loop 

*) 


SPECIAL INTERFACE CIRCUITS 


Hi-1080 


8-Bit, D to A Convertor High Speed Monolithic 


VOLTAGE COMPARATOR 


HA-2111 


MEMORY 
BIPOLAR MEMORY 


GENERIC PROMS 


HM-7610 
HM-7611 
HM~7620 
HM-7621 


HPROM 


Precision Voltage Comparator 


1024--Bit, Bipolar Generic PROM (open collector) 
1024-Bit, Bipolar Generic PROM (three state) 
2048-Bit, Bipolar Generic PROM (open collector) 
2048-Bit, Bipolar Generic PROM (three state) 


HPROM-0512 512-Bit, Bipolar PROM 

HPROM-1024 1024-Bit, Bipolar PROM (three state) 
HPROM-1024A 1024-Bit, Bipolar PROM (open collector) 
HPROM-8256 256-Bit, Bipolar PROM 


POWER/LOGIC STROBE 


HD-6600 
HD-6605 


Quad Power Strobe 
Quad Logic Strobe 


DRAWING NO. 
21 


21 
21 
21 
22 
23 
26 
27 


19 
20 
25 


NNMMN & 


18 


17 


24 


29 
29 
33 
33 


30 
32 
32 
31 


28 
28 


BURN-IN CIRCUITS 


HA-909, HA-2500, HA-2502, HA-2510, HA-2512, 
HA-2520, HA-2522, HA-2600, HA-2602, HA-2620, 
HA-2622, HA-2050, HA-2050A, HA-2060, 

TO-86 Flat Pack HA-2060A 


TO-99 


BANDWIDTH 
CONTROL 


NOTES: 
Ta = +125°C 
Ry = 1Megohm 


NOTES: 
TA = +125°C 
Riz = 1Megohm 


Cy =0.01MF, 100V C1 = 0.01 LF, 100V 


HA-2000 HA-2111 


CIRCUIT TYPE: 
FET Front End 


DESIGNATION: 


ah Bone NOTES: 

Ta = +125°C 
OPERATING LIFE TEST CONDITION: R, = 30002 
1) TEMPERATURE: +125°C Dy. = IN4002 


+ 
2) VOLTAGE: “15 Volts Freq: 50 KHz @ 12V peak to peak 


HA-2111 6 HA-2400 


Fr 


DECODE 


bane: NOTES: ‘ 

Ta = +125°C Ae 
R, = 30022 R1 = 100K) 

Dy > = 1N4002 te ees 
Freq: = BOKHz @ 12V peak to peak OR 2 INSOCe 


Freq: Q4 = 100KHz; Qo = 50K Hz; Q3 = 25KHz 
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BURN-IN CIRCUITS 


HA-2420 3 8 


HA-2500, HA-2502, HA-2510, HA-2512, HA-2520, 
HA-2522 


TO-86 


BANDWIDTH 
CONTROL 
2 


NOTE: 

Ta = +125°C 
NOTES: 

Ta = +125°C 

R71 = 1Megohm 

C;, =0.01 PF, 50V 


EH HA-2530 HA-2600, HA-2602, HA-2620, HA-2622 


TO-91 


BANDWIDTH 
CONTROL 


+15V 
NOTES: 
NOTE: Ty =+125°C Ta = +1259C 
R= 1Megohm 
C1 = 0.01 LF, 100V 


1 HA-2620/2622 HA-2630 


+25V 


BANDWIDTH 
CONTROL 


NOTES: NOTE: 
Ta = +125°C T, =+125°C 
R= 1 Megohm os 

Cy = 0.01 LF, 100V 
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BURN-IN CIRCUITS 


13 HA-2700 


HA-2700 


TO-116 D.1.P. 


NOTES: 
TA = +1250C 
R1 = 1 Megohm 


NOTES: 
Ta = +1259C 
R71 = 1 Megohm 


HA-2720 


.01 to lf = 


NOTES: 


NOTE: ra 


Ta = +1259 R3z = 10KQQ 

C14C> = 0.01 to 0.1 PF R4 = 5KQQ TA = +125°C y 
R414 = 1KQQ O 

Ro = 2MiQ2 


HA-2820 18 HA-2900 


NOTES: 

TA= +125°C 

Rzy = 10KQ2 

Ro =4.7KQQ NOTE: 

ae Ta eras 
1 = 
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BURN-IN CIRCUITS 


Da- 12 


INPUT 
DRIVER 


NOTES: 

Ta = +125°9C 
R,=10KQ 
D1y~DgD3 = IN4002 
Freq: = 100KHz 


HI-506/507/506A/507A 


NOTES: 

Ag = 100KHz 
Ay = SOKHz 
Ag = 25KHz 
A3 = 12.5K Hz 


HI-509A 


NOTES: +15VDC 
Ag = 100KHz 
Ay = 50K Hz 


TEMP: +125°C 
PACKAGE: 16 PIN DIP 


+15VDC 


NOTES: 

TA = +125°C 
D1,O> = IN4002 
Freq: = 100KHz 


HI-508A -15VDC 


D 

aae 1 

1K OUT Sq S3 Sg S1,-15 Ey Ap 
| GND 

Sg S7 Sg $5 +15 } Az Ay 

wie 13] 14]15} 16 


rf 


NOTES: 

Ao = 100KHz 

Ay = 50KHz +15VDC 
A2= 25K Hz 

TEMP: +125°C 
PACKAGE: 16 PIN DIP 


H1-1080 


+5V 


-18V . VREF (-) 
TAP 3 

TAP 2 

VREF (+) 

TAP 1 

LADDER TERM 


LADDER EXT. 
LADDER BUS 
LADDER OUTPUT 


BURN-IN CIRCUITS 


H!-1800A 


NOTES: 

Ta = +125°C 
A, = 100KHz 
A2 = 50KHz 
Ax = 25K Hz 
EN = 12.5KHz 


HI-1828A 


NOTES: 

Ta = +125°C 
Ag = 100KHz 
Ay = 5OKHz 

EN = 25KHz 


HM-7610/7611 


Fo/128 _ A7(15) C) 
Fo/64 — Ag(1) 
Fo/32 -Ag(2) 
Fo/16 — Ag(3) 
Fo/8 —A3(4) 


64 X 32 BIT 
MEMORY ARRAY 


Fo/4 —Ad(7) 
Fo/2 -A4(6) 
Fo - Ag(5) 


F 9/256 — E1310 


NOTES: 
Vec = PIN (16) = 5.5V 
GND = PIN (8) 

R = 30022 

Fo = 100KHz Square Wave 
Ta = +125°C 


HI-1818A 


= 100KHz 
= 50KHz 


HD-6600/6605 


NOTES: 
= Oo 
R, = 3922 
a a 


HPROM-0512 


NOTES: 
TA= +125°C 
ALL ‘R’ = 51002 
Vec= 5.5V ~ 
FREQ: . 

Q1 = 100KHz, Qo = 50KHz 
Q3 = 25KHz, Qg = 12.5KHz 
Os = 6.15K Hz, Og = 3.12K Hz 
E1 = E2 = 1.5625KHz 
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BURW-IN CIRCUITS 


31 HPROM-8256 32 HPROM-1024/1024A 


a 


NOTES: = 

TA = +1259C 

Voc = 5.BV NOTES: = 

ALL ‘R’ = 51092 Ta = +125°C Q3 = 25KHz, Qg = 12.5KH2 
FREQ: ALL ‘R’ = 30082 Qs = 6.15KHz, Qg = 3.125KHz 
Q1 =100KHz, Qo = 50KHz Voc = 5.5V Q7 = 1.5625K Hz, Og = 781.25Hz 
Q3 = 25KHz, Q4 = 12.5KHz REEQ: Qg = 390.625Hz 

Os = 6.25KHz, Qg = 3.125KHz Q4 = 100KHz, Q5 = 50KHz 


HM-7620/7621 


Fo -—— Ag(14) © . 
Fo/2 ——A7(15)Q ; 
Fo/4 —— Agit) © 64 x 32 BIT 
_ MEMORY ARRAY 

Fo/8 Ag(2) © 
Fo/16 —— Agl3) Q 

63 
F9/32 —— A3l4) q 
Fo/64 — A71Q 

ADD [ 

Fg/t28 — A4(6)Q es < 


F9/256 — Ag(5) © 


471KQ 
F9/512 — E1399 1) 


v 4TK2 


NOTES: Voc 
Vcc = PIN (16) = 5.0V 

GND = PIN (8) 

R = 3002 


Fo = 100kKHz SQUARE iWAVE 
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PACKAGING 
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PACKAGE DIMENSIONS 


1. ALL DIMENSIONS IN INCHES. 


2. ALL DIMENSIONS + .010 UNLESS 
OTHERWISE SHOWN. 


CODES 1A & 1U TO-116 (14LEAD | CODES 1B &1D  16LEADCERAMICD.IP. 
CERAMIC D.I.P.) 


INDEX 


300 —— 
—.270 = 


9° 
= a} . eo —~\\— .010 
018 + .003 125 ah 1 + .003 


CODE 1F 16 LEAD D.I.P. CODE 1H 24 LEAD D.I.-P. 


PIN ONE INDENT 


INDEX NOTCH pu 
{ vi | .700 —_———»| an [250 250 


SSH wt 
PRRer aoa 010 + 002 . | 
as j 375 ary . | = 
iba a. a — 
i hae a 


120 MIN. aan aa 


018 040 


100 TYP. ; : aT ee 
060 .190 010 + 003 -»1\<«— 
NON-CUMULATIVE ia \ 


CODE 1J 24 LEAD CERAMIC D.I.P. 


PIN ONE 


Oo 
<= 
O 
<— 
aa 
>) 
<< 
oe 


INDEX NOTCH 


j——— §00 ——— geese AG MAK 5 og +— 600 ——__» 
220 MAX apa 115 MAX. 
{ |=— .530 —| |*— 637 —>| + 550 MAX. —» | 


’ ee a 
: { { ua i t y .010 + .002—»> 44+ 
050 TYP. —+| 


I / 011 +.004 aa beads 
—~||— 018 + .003 oe aad Denes: ped: 
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PACKAGE DIMENSIONS 


| CODE IW 16 LEAD CERAMIC D.I.P. 


CODE 1S 14 LEAD BRAZED D.1.P. 


PIN ONE IDENT. 


CODE 2B TO-78 


500 MIN 


“"— 040 


.200 TYP. 


8 LEADS 
017 TYPICAL 017 TYPICAL 


SEATING PLANE SEATING PLANE 


Bottom View Bottom View 


CODE 2D TO-100 


-a— .500 Min. 
- 
[ RED | 


CODE 2E TO-99 (.230 PC) 


<— .170 —— 
aie 


\ 10 Leads 
.017 Typ. 


Sa 
|| = Leads 
.017 Typ. 


Seating Plane 


Seating Plane 


Bottom View 


CODE SH TO-86 


~a—~ 530 + .030—> 


005+ .002 


Bottom View Package bottom - ceramic 
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PACKAGE DIMENSIONS 


CODE 9J TO-84 


—_ INDEX 


009 REF 012 + .002 


SEATING A/ 


.005 + .002 012 REF. 


CODE 9S 16 LEAD FLAT PACK 


—||=—PIN ONE INDEX SEATING PLANE 
ROE ET 


.050 
7 


t 
i 
5 
1] 
8 
8 
| 
a 


.295 
+ .030 ; : .070 wax-=| |— 


CODE SW 


|—-.o1 SEATING PLANE 
0 


—a—— 260 —e|——— 250 — 


a .]50 MIN, ——————____» 


013 REF. 


.005 + .002 


Pa-4 


CODE 9M 24 LEAD FLAT PACK 


PIN ONE INDEX 


SEATING 
PLANE 


—_—- == = |= .330 MIN] 
005 + .002 950 ae 


SEATING h/ 


asl | 
MAX. 


I REF. 


.250 
—————————————— 150 MIN, 


005 + .002 


LITERATURE GUIDE 
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Harris Product Literature Guide 


CATALOGS 


CONDENSED FORM (Integrated Circuits Catalog) 


CMOS 


DATA SHEETS 


LINEAR 
HA-909/911 


HA-2000/2005/2000A 
2005A 
HA-2050/2055/2050A 
2055A 
HA-2060/2065/2060A 
2065A 
HA-2111/2211 
HA-2311 
HA-2400/2404/2405 


HA-2420/2425 
HA-2500/2502/2505 
HA-2510/2512/2515 
HA-2520/2522/2525 
HA-2530/2535 


HA-2600/2602/2605 
HA-2620/2622/2625 


HA-2630/2635 
HA-2640/2645 
HA-2650/2655 
HA-2700/2704/2705 
HA-2720/2725 
HA-2730/2735 


HA-2820/2825 


DIGITAL 


DIGITAL DATA SHEETS 
(Referto CMOS REFERENCE GUIDE in Digital Section this Catalog) 


BIPOLAR MEMORY 


HD-234/534 

HD-235/535 

HD-536 

HD-6600 

HD-6605 

HM-010/030/040/050 
074/080/090 

HM-0110/0168/0104 
0186 

HM-7220 

HM-7602/7603 


Low Noise, Operational Amplifiers 
(See application notes 501,502) 
F.E.T. Input Preamplifier 


High Slew Rate F.E.T. Input 

Op Amp 

Wide Band F.E.T. Input 

Op Amp 

Precision Voltage Comparator 
Precision Voltage Comparator 
PRAM, Four Channel Op Amp 
(See application note 514 ) 
Sample & Hold, Gated Op Amp 
(See application note 517) 

High Slew Rate Op Amp: 

High Slew Rate Op Amp 

High Slew Rate Op Amp 

Wide Band High Slew Inverting Amp 
(See application note 506) 

High Impedance Op Amp 

Wide Band, High |mpedance Op Amp 
(See application note 509) 

High Performance Current Booster 
High Voltage Op Amp 

Dual High Performance Op Amp 
Low Power, High Performance 

Op Amp 

Low Power, Current Programmable 
Op Amp 


Low Power, Dual, Current Programmable 


Op Amp 
Phase Locked Loop 
(See application notes 601,602,605) 


Hex Interface Inverters 

Hex Interface Inverters 

Hex Interface Driver 

Quad Power Strobe 

Quad Logic Strobe 

MIL-TEMP Range Diode Matrices 


Commercial Diode Matrices 


4096 X 1 Dynamic N-Channel RAM 
32 X 8 Field Programmable Bipolar 
Generic PROM 


HA-2900/2904/2905 
HD-0165 


HD-245/545 to 
249/549 
HD-1488/1489/1489A 


H1I-1080/1085 


MULTIPLEXERS 
HI-506A/507A 
H1-508A/509A 
HI-1818A/1828A 


Chopper Stabilized Op Amp 
(See application note 518) 

Key Board Encoder 

(See application note 204) 

Line Transmitter Receivers 
(See application notes 205,207) 
Line Transmitter Receivers 
(See application note 205) 

8 Bit, D to A Convertor High Speed 
Monolithic (See application 
notes 511, 512) 


16 Channel/Differential - 8 
8 Channel/Differential ~ 4 
8 Channel/Differential - 4 


SWITCHES 

Hi-200 DualSPST (7022) 
H1-201 Quad SPST (802) 
HI-1800A DPDT-Low Leakage 
HI-5040 SPST (752) 
H1-5041 DualSPST (752) 
H1-5042 SPDT (75) 
H1-5043 DualSPDT (752) 
Hi-5044 DPST (752) 
HI~5045 DualDPST (759) 
HI-5046 DPDT (752) 
H1I-5046A DPDT (309) 
HI-~5047 4PST (75Q) 
H!I-5047A A4PST (309) 
HI-5048 Dual SPST (30) 
HI-5049 Dual DPST (3092) 
H1-5050 SPDT (302) 
Hi-5051 DualSPDT (309) 
HI-1846 DPDT (3022) 
HI-1847 4PST (3022) 


HM-7610/7611 
HM-7620/7621 
HM-7640/7641/7642 
HM-7643/7644 
HPROM-8256 


HPROM-0512 
HPROM-1024/1024A 


MOS MEMORY 
HM~7202 


256 X 4 Field Programmable 
Bipolar Generic PROM 

512 X 4 Field Programmable 
Bipolar Generic PROM 

1024 X 4 Field Programmable 
Bipolar Generic PROM 

512 X 8 Field Programmable 
Bipolar Generic PROM 
256~Bit, Bipolar PROM 
512-Bit, Bipolar PROM ; 
1024-Bit, Field Programmable 
Bipolar PROM 


1024 X 1 Static N-Channel RAM 
LG-3 


APPLICATION NOTES 


NOTE 201 
NOTE 202 
NOTE 203 


NOTE 204 


NOTE 205 
NOTE 206 
NOTE 207 
NOTE 208 


NOTE 209 
NOTE 210 
NOTE 501 
NOTE 502 


NOTE 504 


NOTE 505 
NOTE 506 


NOTE 507 


NOTE 508 


NOTE 509 
NOTE 510 


NOTE 511 
“NOTE 512 
NOTE 514 
NOTE 515 
NOTE 516 
NOTE 517 
NOTE 518 
NOTE 519 
NOTE 520 
NOTE 601 
NOTE 602 


NOTE 605 


HPROM-0512 Bipolar PROM 
Programming the HPROM-0512 
in an Expanded Configuration 
Designing with the HD-0165 


CHIP SHEETS 


Diode Matrices (4 x 10, 10 x 4) 

CF-1085 8-Bit D to A Converter Monolithic Chip 

CF-1800A 4 Channel CMOS Analog Switch Monolthic Chip 
CF-1818A 8 Channel CMOS Analog Multiplexer Monolithic Chip 
CF-1828A 8 Channel CMOS Analog Multiplexer Monolithic Chip 


Keyboard Encoder 

High Speed Digital Communications 
Monolithic Diode Matrices 
Receiver/Transmitter Noise Immunity 
Minimizing Gate Oxide Failures 

Due to Handling 

CMOS: Some Application Guidelines 
Using Junction Isolated CMOS 

HA-909 Operational Amplifiers 

HA-909 Operational Amplifiers 
Performance Tailoring 

Automatic Phase Margin Testing 

A High Impedance Hystersis Circuit 
Equivalent Input Noise Measurements 

on High Gain Monolithic Operational 
Amplifiers 

A Simple Function Generator Using 
Operational Amplifiers 

Test Procedures for Operational Amplifiers 
A Simple Comparator Using the HA-2620 
A Simple Square-Trinagle Wave-form 
Generator 

Digital to Analog Converter Applications 
Counter Type A to D Converter 

The HA-2400 PRAM, 4 Channel 
Operational Amplifier 

Operational Amplifier Stability: Input 
Capacitance Considerations 

The HA-2530/2535 Wideband High Slew 
Inverting Amplifier 

Applications of a Monolithic Sample-and- 
Hold/Gated Operational Amplifier 

The HA-2900 Monolithic Chopper Stabilized 
Amplifier 


Operational Amplifier noise prediction 


CMOS Analog Multiplexers and Switches 


— Introduction to the Phase Locked Loop 


A General Analysis of the Phase 
Locked Loop 

The HA-2820/2825 Low Frequency 
Phase Locked Loops 


CF-2005 F.E.T. Input Preamplifier Monolithic Chip 

CF-2311 — Precision Voltage Comparator 

CF-2405 PRAM T 4 Channel Programmable Amplifier 
Monolithic Chip 

CF-2425 Sample & Hold Gated Operational 
Amplifier Monolithic Chip 

CF-2505 High Slew Rate Operational Amplifier 
Monolithic Chip 

CF-2515 High Slew Rate Operational Amplifier 
Monolithic Chip 

CF-2525 High Slew Rate Operational Amplifier 
Monolithic Chip 

CF-2535 High Slew Rate, Wide Band Inverting Amplifier 
Monolithic Chip 

CF-2605 High Input Impedance Operational Amplifier 
Monolithic Chip 

CF-2625 Wide Band Operational Amplifier Monolithic 
Chip 

CF-2635 Current Booster 

CF-911 Low Noise, Operational Amplifier 

CF-2645 High Voltage Operational Amplifier 

CF-2655 Dual High Performance Operational Amplifier 

CF-2705 Low Power, High Performance Operational 
Amplifier Monolithic Chip 

CF-2725 — Low Power, Current Programmable Operational 
Amplifier 

CF-2735 Low Power, Dual Current Programmable 
Operational Amplifier 

CF-2825 = Phase Locked Loop Monolithic Chip 

CF-2905 Chopper Stablized Operational Amplifier 
Monolithic Chip 

CF-200 Dual SPST CMOS Analog Switch 

CF-201 Quad SPST CMOS Analog Switch 

CF-506A 16 Channel Analog Multiplexer with Over Voltage 
Protection Monolithic Chip 

CF-507A Differential 8 Channel Analog Multiplexer with 
Over Voltage Protection Monolithic Chip 

CF-508A 8 Channel Analog Multiplexer with Over 
Voltage Protection 

CF-509A Differential 4 Channel Analog Multiplexer 

CF-5040 with Over Voltage Protection 

to 

CF-5051 CMOS Analog Switches 

CF-1846 

CF-1847 


SPECIAL LITERATURE 
RELIABILITY REPORTS 


Issue 3 
Issue 6 
Issue 7 
Issue 8 


LG-4 


Low Power Monolithic Op Amp 

HA-2500 High Slew Rate Monolithic Op Amp 
Complementary MOS Process 

Field Programmable Read-Only Memory Devices 
HPROM-0512, HPROM-1024, HPROM-8256 


MEMORY PRODUCTS TECHNICAL DATA BOOKLET 
OEM PRICE SCHEDULE 

NEW LINEAR PRODUCTS BOOKLET 
OPERATIONAL AMPLIFIERS GUIDE 

TECH BRIEF HM-7620/7621 

TECH BRIEF 4096 BIT RAM 

TECH BRIEF HM-7220 


SALES OFFICES — 


SUITE 103 

4014 LONG BEACH BLVD. 
LONG BEACH, CALIF. 90807 
(213) 426-7687 


SUITE 230 

1032 ELWELL COURT 
PALO ALTO, CALIF. 94303 
(415) 964-6443 


SUITE 100 

15 SPINNING WHEEL ROAD 
HINSDALE, ILL. 60521 
(312) 325-4242 


SUITE 301 

177 WORCHESTER STREET 
WELLESLEY HILLS, MASS. 02181 
(617) 237-5430 


SUITE 132 

7710 COMPUTER AVENUE 
MINNEAPOLIS, MINN. 55435 
(612) 835-2505 


3215 E. MAIN STREET 
ENOWELL,N. Y. 13760 
(607) 754-5464 


NATIONAL REPRESENTATIVES — 


ADDEM GROUP 
37 PIONEER BLVD. 
HUNTINGTON STA. 
N.Y. 11746 

(516) 567-5900 


121 CRAWFORD RD. 
MIDDLETOWN, N. J. 07740 


BEACON NORTH, INC. 
7115 LEESBURG PIKE 

FALLS CHURCH, VA. 22043 
(703) 534-1673 

8513 LUCERNE RD. 
RANDALLSTOWN, MD. 21133 
(301) 922-1248 


309 BEDFORD SPRINGS RD. 
LYNCHBURG, VA. 
(804) 237-4740 


CHECKMATE SALES, INC. 
6911 SOUTH YOSEMITE 

SUITE 205 

ENGLEWOOD, CO. 80110 

(303) 771-4920 


CONLEY & ASSOC. 
W. BROADWAY 

P.0. BOX 668 

OVIEDO, FL. 32765 

(305) 365-3283 


P.0. BOX 700 
BOCA RATON, FL. 33432 
(305) 395-6 108 


2821 KIMBERLY LANE 
TAMPA, FL.33618 
(813) 933-3183 


HADDEN ASSOC., INC. 
7138 CONVOY COURT 

SAN DIEGO, CA. 92111 

(714) 565-9444 


KW ELECTRONIC SALES, INC. 
8415 N. MAIN STREET 
DAYTON, OHIO 45415 


3439 W. BRAINARD RD. 
CLEVELAND, OHIO 44122 
(216) 231-8292 


4025 WILLIAM FLYNN HWY. 
ALLISON PARK, PA. 15101 


535 BROADHOLLOW ROAD 


MELVICLEE.L..1, . A. 1 
(516) 249-4500 


SUITE 220 
333 WEST FIRST STREET 
DAYTON, OHIO 45402 
(513) 226-0636 


SUITE 325 


SUITE 7G 
746 


(214) 231-9031 


P.O. BOX 883 
MELBOURNE, FL. 32901 
(305) 724-7430 

TWX -5 110-959-6259 


650 E. SWEDESFORD ROAD 


WAYNE, PENN. 19087 
(215) 687-6680 


MONTIERIO ASSOC. 
600 LEWIS RD. 

KING OF PRUSSIA, 

PENN. 19406 

(215) 265-0634 


R. W. MITSCHER CO. 
P.O. BOX 10541 

RALEIGH, N.C. 27316 
(919) 828-0575 


RT. 5, SINGLETON RD. 
SHELBYVILLE, TN. 37160 
(615) 684-2223 

(615) 684-4544 - 


RT. 3, BOX 362 
TROUTVILLE, VA. 24175 
(703) 345-3283 


3100 BASIN COURT 
VIRGINIA BEACH, VA. 23451 


N. R. SCHULTZ CO. 
P.O. BOX 159 

BELLVUE, WA. 98009 
(206) 454-0300 


4175 SW CEDARHILL BLVD. 


BEAVERTON, OR. 97005 
(503) 643-1644 


INTERNATIONAL REPRESENTATIVES — 


EUROPEAN HEADQUARTERS 


HARRIS SEMICONDUCTOR INC. 
53 BD. DE WATERLOO 

B-1000 BRUSSELS 

BELGIUM 

TEL (02) 428 36 02 

TX 26382 


FAR EAST HEADQUARTERS 


HARRIS SEMICONDUCTOR INC. 
TIME-LIFE BUILDING 

2-3-6 OTEMACHI 

CHIYODAKU, TOKYO, JAPAN 


279-1691 
JAPAN 


MITSUBISHI CORP. 
6-3, MARUNOUCHI 2-CHOME, 


CHIYODA-KU 


TOKYO. 100-91 


(03) 210-3023 


eg one OMAR ALBANY, 


6 HIGHLAND AVE. 
ALBANY,N. Y. 12205 
(518) 489- 7408/4777 


t. At. 

801 CLAIRBORNE 
OLATHE, KS. 66061 
(913) 782-1177 

TRADE CENTER BLDG. 
300 BROOKES DR. 
SUITE 108 
HAZELWOOD, MO. 63042 
(314) 731-5200 


Q. T. WILES & ASSOC. 
10427 NORTH SCOTTSDALE RD. 
SCOTTSDALE, ARIZ. 85253 
(602) 948-5590 


CANADA 


MUNRO ELECTRONIC 
COMPONENTS, INC. 
2684 SLOUGH ST. 
MISSISSAUGA, ONTARIO, CANADA 
(416) 676-1042 


HAKUTO CO., LTD. 
FOREIGN DIVISION 
C.P.0. BOX 25 
TOKYO, 100-91 
(03) 503-3711 


AUSTRALIA 

CEMA (DISTRIBUTORS) PTY. LTD. 
21 CHANDOS ST. 

CROWS NEST,N.S. W. 2065 
439-4655 


FARRIS 
SEMICONDUCTOR 


A DIVISION OF HARRIS CORPORATION 


777 S. CENTRAL EXPRESSWAY 
RICHARDSON, TEXAS 75080 


